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Mass movement and coastal cliff development of the 
Isle of Purbeck, Dorset 
The landslips along 8 km. of the Isle of Purbeck coastline, Dorset, 
are examined. Late Jurassic and Upper Cretaceous materials are 
involved in the mass movements which include rotational slides, 
translational slides, mudslides and rockfalls. Particular 
attention is paid to mass movements in the Wealden Beds and 
Portland Limestone. 
i 
The study of maps, air photographs and historical records, together 
with detailed geomorphological mapping of the current coastline, 
provides evidence of cliff recession. Complex relationships exist 
between the landslips, stratigraphy and regional local structure. 
Soil and rock testing programmes are used to investigate the 
geotechnical properties of the materials important to slope 
stability. These techniques include the application and assessment 
of a new ultrasonic pulse-testing apparatus. 
The results of extensive field instrumentation and monitoring at 
four specific sites are analysed and discussed. Details are given 
of the design and construction of new apparatus to monitor slope 
movements. Electronic data logging has enabled a greater number of 
observations and a more continuous record to be collected than was 
previously possible. This allows the controls on slope movements 
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to be evaluated and also shows the strongly seasonal nature of 
landslipping in this environment. 
Results from field mapping, laboratory investigations and site 
monitoring are used in a series of stability analyses. The current 
rate of cliff recession is considered in relation to landslide 
activity and, although the accurate prediction of failures is not 
possible, some conclusions are made on current coastline evolution. 
The results also permit the detailed causes of landslipping to be 
established, as well as the factors that contribute to and 
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CHAPTER I INTRODUCTION 
1.1 RESEARCH AIMS 
The need for this study arises in part from the quest towards a 
comprehensive understanding of the mechanisms of mass movements and 
because there is a paucity of detail about the geomorphology of the 
study area. The principal aim, therefore, is to examine mass movements 
along the coastal cliffs of part of the Isle of Purbeck, central 
southern England. Special reference is made to mudslides, which are 
the dominant slope feature in this area. 
The research design was seen as a widely embracing multidisciplinary 
study based on geological, geomorphological and geotechnical 
investigations, combining the individual facets to provide an 
integrated supplement to current knowledge. Three temporal frameworks 
were identified including past coastline development, current 
processes and material properties and finally likely future change. 
Within this embracing framework a number of primary research aims 
were identified. These were to: 
ii) conduct site investigations to identify recent coastline 
development, rates of cliff retreat and to explain the spatial 
and temporal characteristics of these changes; 
(ii) classify the mass movements present along the cliffs, identify 
their. causal mechanisms and consider the links between the 
geology and geomorphology of the area; 
(iii) complete a detailed geotechnical study of the slope forming 
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materials, studying in particular, characteristics important to 
mass movement. Such an investigation has not yet been undertaken 
in this area. 
(iv) examine process-form interrelationships for mudslides, the most 
common mass movement type along the Purbeck coast, in an 
attempt to elucidate their mechanisms of movement and the 
interrelationships between the variables which control their 
stability; 
(vi) develop new techniques to improve investigatory procedures and 
assess the potential of apparatus hitherto unused in slope 
stability studies. 
1.2 THE ISLE OF PURBECK 
The Isle of Purbeck coastline as defined by this study, falls 
between the natural arch at Bat's Head (Grid Ref. SY 795803) and the 
stack at the eastern end of Ballard Down (Grid Ref. SZ 005826). The 
cliffs include a complex suite of mass movements, which vary in 
type and activity but form one sequence of features. The Isle of 
Purbeck includes land to the south of the Chalk ridge which extends 
between the two identified end points. Except for attention by 
geologists this area has not been thoroughly investigated. Indeed 
there is little information on the geomorphological characteristics 
of the coastline at a research level. 
At the outset of the study it was envisaged that investigations 
would encompass aspects of the coastal landforms between Durdle Door 
and Worbarrow Tout, but the important structural and stratigraphic 
controls on the coastal landforms made this impractical. Successfully 
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accomplishing the research aims was clearly possible within the 
originally defined spatial limits for the Wealden Beds, due to the 
absence of significant outcrops at other points along the Purbeck 
coast. For a comprehensive analysis of the Chalk and Portland 
Limestone, it became clear that investigations were required 
throughout Purbeck because most of the cliff line east of Worbarrow 
Tout is formed in these rock units. Extending the study in this 
manner also provided an opportunity for examining structural controls 
on cliff stability since the Isle of Purbeck lies on a monocline 
which swings through almost 900, from horizontal to vertical, between 
the eastern and western extremities of the region. 
The area thus provides an outstanding research environment for 
investigating, in combination, aspects of geology, geomorphology, 
soil and rock mechanics, in the study of the location, nature and 
activity of coastal mass movements. 
1.3 BACKGROUND TO THE PRESENT STUDY 
Despite the early recognition of mass movements in this area (Strahan, 
1898), the last original research which appears to have been 
conducted along the coastline was in 1937 when Burton suggested a 
model linking Ehe landforms of Lulworth Cove, Stair Hole and their 
adjacent cliff lines. Despite some recent criticisms of Burton's 
work (Brunsden &-Goudie, 1981), there remains a lack of up to 
date information about the area. 
A number of similar investigations have been conducted in other 
parts of the British Isles. Each has formed an individual component 
within a continuum of studies bearing two major themes. 
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Firstly, a specific area displaying coastal instability has been 
examined. Notable examples include: 
(i) Work by Brunsden & Jones (3.976) at Fairy Dell, Dorset. 
(ii) Pitts (1981) who investigated the landslips at Bindon and 
along the Axmouth - Lyme Regis National Nature Reserve, Devon. 
(iii) Studies based on the mudslides of the north-east Antrim coast, 
N. Ireland by Craig (1979), Hutchinson et al., (1974) and 
Prior (1975). 
(iv) Work along the south-east coast of England by Hutchinson (1973) 
and Hutchinson & Bhandari (1971). 
(v) Studies in the Isle of Wight by Bhandari & Hutchinson (1982) 
and Chandler (1984). 
(vi) Work along the Holderness coast of north-east England 
(Pethick, pers. comm. ). 
No such investigation has been undertaken for the Isle of Purbeck 
coastline. 
Secondly, previous work has attempted to contribute new details 
about the general principles of mass movement. In this study 
important discoveries have been made towards understanding the 
mechanisms of mudslides and the interrelationships between 
parameters governing their movement. While some work has been 
conducted in the past on coastal mass movement in hard brittle 
rocks (Hutchinson, 1971, for example) such investigations have 
been rare. This study includes detailed work not only on mudrocks 
but also on harder materials. 
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1.4 APPROACH AND ORGANISATION OF THESIS 
The layout of this thesis may be summarised as follows. In chapter 
II details of the geological controls on cliff stability are discussed 
by reviewing current literature and presenting the results of 
preliminary field investigations. This is followed in chapter III 
by an examination of the causes of coastal mass movements in the 
Isle of Purbeck. A general assessment is made of cliff instability 
and the recent development and retreat of the coastline is discussed. 
The identification and classification of the mass movements are 
presented as a precursor to considering the results of the geomorphol- 
ogical mapping programme, which is used as the base for much of the 
remainder of the study. 
Chapter IV examines the geotechnical characteristics of the materials 
and attempts to develop a rock classification based on these 
parameters, to enhance an understanding of the different rock units. 
Chapter V is used to present the results of the detailed field 
monitoring of mudslides in the Wealden Beds. 
These data are drawn together in chapter VI and a stability analysis 
is presented in an attempt to unify the individual components of the 
overall study in a complementary manner. Finally, in chapter VII 
the original contributions made by this thesis are outlined and the 
respects in which previous work havebeen extended is discussed. In 
conclusion recommendations for further. studies are made. 
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Chapter II GEOLOGICAL CONTROLS ON MASS MOVEMENTS IN THE ISLE OF 
PURBECK 
2.1 INTRODUCTION 
The Isle of Purbeck in Dorset (Fig. 2.1) forms a distinctive, identif- 
iable geological area. The coast between Bat's Head and Swanage Bay 
forms the southern and eastern limits of the region, while the ridge 
running from Ballard Down to Bat's Head (Fig. 2.2) forms the northern 
boundary (Jones et al., 1983). This study centres on the landforms 
between Durdle Door and Worbarrow Tout (Fig. 2.2), but for several 
reasons the geology of the entire Isle of Purbeck will be discussed. 
The area forms a distinct geological unit. The link between the 
geological and geomorphological features of the study area can be more 
clearly explained by taking into account the information derived from 
the region as a whole and it also provides a much clearer base for 
reviewing recent theories of Landform evolution (Allison, 1982; 
Brunsden & Goudie, 1982; Jones et al., 1983). Discussion of the 
geology will concentrate on the types of material present, those 
aspects of the stratigraphy that affect the engineering performance 
of rock units, the structural control on stability and the offshore 
geology. 
2.2 THE GEOLOGICAL SUCCESSION 
The Isle of Purbeck comprises late Jurassic to Upper Cretaceous rocks 
(Table 2.1). The rock outcrops run approximately parallel to the 
coastline (Fig. 2.3) (Burton, 1937) and topographic changes conform 





























U) a Io 
as w 







U 0! I 
I 
om 
N E Vý t . N ý ü V 
+ + 




r' d 3 




N C C ttl 10 CY A 
Z Y i x N N 7 4+ V O U 
o C ri .r x e a o o o ... 7j to l0 .r W N I. 1 w v W 
W U 1+ ttl 1+ 
o NI 4 .a 1+ H u M w y N O 
W u N Tl N W .i C! . -4 i A .4 u E E 
," -o a 7 3 i. L .r w E v Ca .. + o a M 0 v 0 7 0 P. I aý s 4 a 0 a a c o a a x 
C C 00 C 
-+ N t0 C - CO 
k7 C C C Co i0 > C ++ > OC o t0 '0 (V C +1 « N 'C 'a 
v-1 M N N C 0 /+ 00 C E- F C C U M ýp c C 7! 4) C t0 w L1 
(4 0 (0 C 6 Co N 44 u to "-ý c) a IJ N O O vd v-1 L. 'i 1-1 IJ E 
B C C º+ C ? u ip ip i0 ý+ E 




ö N U O 
W 
( 
C N 44 ep ºa tU ºv N 
tu 
L. 3 u 4) c6 Ö n. 




b O. 7 














































I lt 1111 
-_____ illlll11llll 
I; lilililil 
111I111I I ==_==___ 
111111111 =__. 
111111111 =____-_ 
111111 =_ _'_ ___ 
. -. _. 
rr -r. r 
1111111 =_ -_ ýý_ 
Iltlll =_ =__ __ 
Iltlll =__-_ 
Iý1111 ==_ 














































Lo H 41 
-37- 
There are major associations between geology and topography. Hard 
resistant Chalk forms the Purbeck Hills, a ridge which runs for 20 km 
averaging 750 - 1000 m wide and rising to heights of 134 m at Hambury 
Tout, 120 m at Corfe Castle and 115 m at Ballard Down. The ridge is 
dissected at Arish Mell and Corfe Castle. Both breaches appear to be 
due to fluvial action rather than slope instability (Arkell, 1947). 
Where Chalk outcrops at the coast, steep vertical cliffs average 100 - 
120 m high with mean free face angles approaching the vertical. To 
the south of the Chalk a second ridge of Portland Limestone reaches 
maximum elevations of 92 m at Durdle Door, 120 m at Gad Cliff and 83 m 
at Tillywhim. Inland, between Gad Cliff and St Aldhelm's Head, the 
Portland Limestone forms topography similar to that of the Chalk, 
while at the coast, cliffs which average 80 - 100 m high vary in angle 
of elevation between 300 - 900. The lowland vale between the Chalk 
and Portland Limestone forms the central core of the Isle of Purbeck. 
The area is underlain by the Wealden Beds, which broaden in outcrop 
from less than 50 m at Durdle Door to more than 4.5 km at Swanage Bay. 
The land surface seldom rises above 48 in, producing a central low- 
land throughout Purbeck and low cliffs at sea level. For example, 
elevations include 37 m at Lulworth, 45 m at Worbarrow and 42 m at 
Swanage with mean slope angles of 170,260 and 240 respectively. The 
Wealden Beds and the Chalk are separated by Greensand and Gault. 
Although the width of outcrop is narrow, coastal cliffs in these 
materials are clearly susceptible to failure and sliding. The 
Purbeck Beds between the Wealden and the Portland Limestone bear 
similar characteristics but with. extremely complex cliff instabilities. 
South of the Portland Limestone, between Gad Cliff and Chapman's Pool, 
Portland Sand and Kimmeridge Clay produce low relief. The land 
surface has a mean elevation of 22 m and coastal cliff heights aver- 
aging 20 - 25 in. 
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The area can therefore be regarded as a classic locality where topo- 
graphy broadly mirrors the geology. Rocks of different relative 
hardness produce distinct variations in relief. However this is 
complicated by a number of factors. Considerable variation occurs 
within each of the stratigraphic units (Melville & Freshney, 1982), 
having a marked effect on the stability and form of the slopes at a 
local level. For example, within the Wealden, hard sandstone bands 
separate softer argillaceous material (Arkell, 1947; Allen, 1972) and 
promote the initiation of failures along the clay/sandstone interface. 
- The regional structure (Fig. 2.4) is complex and is a major determinant 
of, not only the location and frequency of mass movements, but also the 
morphological characteristics of individual failures (Jones et al., 
1983). Structure also plays an important role in overall landscape 
evolution and the location of features such as the Lulworth Crumple. 
(Phillips, 1964; West, 1964) (Fig. 2.5, Plate 2.1). 
2.3 STRATIGRAPHY 
There is great stratigraphic diversity both within and between indiv- 
idual rock units. This has a considerable effect on the engineering 
performance of the rocks, despite the fact that the general dispos- 
ition of the beds is not unduly complicated. The discussion of sections 
of particular relevance helps to elucidate the most important engin- 
eering characteristics of each unit. Mapping reveals that landslips 
are usually closely related to lithology. This should shed much light 
on the link between geology and geomorphology and help to identify the 
locations, causes and trigger mechanisms of mass movements, while also 
helping to isolate those stratigraphic units requiring more detailed 
geotechnical examination. Due to slope failures care is needed to 
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PLATE 2.1 
The Lulworth Crumple 
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2.3.1 The Jurassic 
The Upper Jurassic is exposed throughout the Isle of Purbeck (Fig. 
2.6) and is marine in origin throughout, except for the Lulworth 
formation of the Purbeck group which was laid down in partly fresh, 
partly hypersaline water (Melville & Freshney, 1982). There are a 
number of units of particular interest to this research. Kimmeridge 
Clay comprises a 500 m thick succession of clays and black shales 
which are often bituminous with occasional bands of lime mudstone, 
silty mudstone, limestone and dolomite (Cope, 1978). Portland Sand 
is a silty, sandy, dolomitic mudstone with occasional fossiliferous 
limestone bands (Arkell, 1947; Cope, 1978; Townson, 1975; Wimbledon & 
Cope, 1978). Portland Limestone varies widely but broadly consists 
of bioturbated, hard, crystalline, shelly limestones with masses of chert 
(Arkell, 1947) and fossils (Casey, 1973; Cox, 1929). The Purbeck Beds 
thin rapidly towards Lulworth. They were all included in the Jurassic 
until Casey (1963) proposed to draw the Jurassic/Cretaceous boundary 
at the Cinder Bed (Fig. 2.7) of the Middle Purbeck. Since the older 
classification recognises the general lithological unity of the 
Purbeck group it is more appropriate to this study. The Purbeck Beds 
include thinly laminated limestone, mudstones and shales with gypsum 
and calcareous mudstone. 
2.3.1.1 Kimmeridge Clay 
The Kimmeridge Clay outcrops along the southwest side of the Purbeck 
peninsula as a strip approximately 10 km long and 1.5 km wide between 
Gad Cliff and St Aldhelm's Head. Remnants also remain between Dungy 
Head and Stair Hole. A diagrammatic section (Fig. 2.8) can be used 
to outline the important characteristics of this unit. The most 
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noticeable feature is the variation of hard, prominent beds of limestone 
and dolomite with intervening soft, argillaceous, overconsolidated clays 
and shales. These act as controls on both process and form. For 
example where limestone bands outcrop at sea-level the protection 
provided to the cliff against marine erosion is considerable. These 
bands can extend as much as 2 km offshore, reducing marine energy at 
the cliff foot, thus decreasing undercutting and erosion. The clays 
and shales are more easily removed, promoting rapid coastline recession 
and landslips. The importance of the stratigraphy manifests itself in 
many ways. The upper surface of the limestone bands control water 
seepage, acting as potential failure surfaces. A good example is the 
Freshwater Steps member. Seaward cliffs are often steep, vertical and 
linear due to the general mechanical incompetence of the materials. 
Further, because'the clayey materials are so easily disaggregated the 
toe of the cliffs are kept almost free from talus. Some units have 
unique effects. For example, the Blackstone and Coal members are highly 
bituminous layers of shale which brecciate easily and readily ignite 
leaving a residue of grey ash. This causes undermining of the cliff 
and failure of the overlying strata. An example cited by Buckland and 
De la Beche (1835) at Burning Cliff in 1826 was the result of spontan- 
eous combustion, continued 'for several years' and resulted in the 
cliff being 'much obscured by slipping'. When exposed to weathering 
the fissile structure is rapidly broken down, leading to an increased 
potential for cliff collapse not only by physico-mechanical but also 
physico-chemical processes such as hydration (Prior, 1973; Prior & Ho, 
1970; Prior & Renwick, 1980; Prior et al., 1971) and chemical action 
such as ion exchange (Brunsden, 1984). The contrast between the 
Kimmeridge and the overlying Portland Sand produces a lubricated 
surface due to water seepage. The landslip on the eastern side of 
Chapman's Pool (Jones, 1980) appears to be due to this for example. 
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This characteristic has been reported elsewhere where adjacent 
materials exhibit these differences (Brunsden & Jones, 1976; Denness, 
1972; Pitts, 1981). 
2.3.1.2 Portland Group 
The Portland, particularly the Limestone unit, forms the most import- 
ant part of the Upper Jurassic in Dorset (Arkell, 1933; Strahan, 1898). 
The outcrop runs throughout the Isle of Purbeck, thinning from east 
to west. In the east, Portland coastal cliffs run from Durlston Head 
to St Aldhelm's Head. At Durlston the cliffs are little more than 
3-4m high (Plate 2.2) but over a distance of 10 km they rise to 
heights exceeding 60 m (Plate 2.3). Between Chapman's Pool and Gad 
Cliff the unit forms an inland ridge, separated from the sea by 
Kimmeridge Clay. Returning to sea level at Gad Cliff, the Limestone 
forms a major part of the coastline as far as Durdle Door with cliff 
heights sometimes exceeding 100 m. Breaks occur at Worbarrow, Lulworth, 
Stair Hole and St Oswald's Bay. Air photographs show a submerged 
reef of Portland Limestone across these bays marking the position of 
the original cliffline. The Portland Sand and Limestone units seldom 
both outcrop at the same place. The materials are of varied lithology 
(Townson, 1975) and consequently within and between unit variations 
have important implications for the links between geology, geomorphology 
and cliff stability. A diagrammatic section (Fig. 2.9) assists 
discussion of the most salient details. 
The Portland Sand has four major divisions (Latter, 1926; Townson, 
1975; Wimbledon & Cope, 1978). The Black Nore Member comprises 
variable, bioturbated mudstones interbedded with calcareous siltstones, 
fine mudstones and calcareous, silty mudstones. The Corton Hill member 
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is similar to the Black Nore but with a predominance of sandy grade 
dolomite which is particularly shelly in places. The Pondfield member 
is a partly dolomatised, calcareous claystone with thin limestone bands 
while the Gad Cliff member comprises greyish-brown, fine-grained 
dolomite with small amounts of clay and quartz sand. There are a 
number of items of particular note. All the members of the Portland 
Sand consist of predominantly plastic material which is very suscept- 
ible to weathering, erosion and the initiation of mass movement. 
This is seen at Chapman's Pool where a large landslip is continuously 
reactivated in winter as the material becomes charged with water. A 
large parabolic slip scar has developed and the Hill Bottom streams 
are often blocked as they attempt to undercut the base of the slope. 
Two types of material are of specific importance, seams of over- 
consolidated material highly charged with mud which act as barriers' 
to downward percolating water and the hard cementstone bands of 
the Black Nore member which have lead to the development of springs 
(Fitton, 1836). These both promote cliff instability. 
The Portland Limestone divides into three components. The Dungy Head 
member comprises pale bioturbated, fossiliferous limestone, rich in 
chert, fine-grained shell fragments and stylolites (Cox, 1929). The 
Dancing Ledge member includes fine-grained, grey limestones which fine 
upwards and contain chert nodules, while the Winspit member is a shell- 
sand limestone with occasional oolitic layers (Strahan, 1898). This 
forms most of the Portland cliffline between Durdle Door and Worbarrow 
Tout. The most prominent overall characteristic of the Portland 
Limestone is its general competence which allows the formation of 
impressive vertical cliffs. The Dungy Head member, which is quarried 
for building stone at Tillywhim, Seacombe and Winspit, highlights this 
particularly well (Arkell, 3.933; Edmunds & Schaffer, 1932; Hounsell, 
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1952). Rocks become detached from all members by joint control mech- 
anisms with boulders of varying size forming scree fans. Thick bands 
and large isolated nodules of chert are considerably resistant to 
erosion. Arkell (1935) noted these bands as being 'nearly as hard 
as iron' and that 'they can not be detached by ordinary methods'. 
This is evidenced by the protrusion of cherty rich horizons (Plate 
2.4) and the use of chert bands as the ground surface within quarries. 
The other feature of the Portland relevant to this study is the marked 
difference between the Portland Sand and the Portland Limestone. For 
example multiple rotational failures (Fig. 2.10) in the Portland 
Limestone can be linked to the material properties of the Portland 
Sand and Kimmeridge Clay. Removal of the latter causes landslips in 
the Portland Sand which lead to the exposure of an elevated Portland 
Limestone cliff. Continued removal of the Sand unit results in the 
development of multiple rotational failures in the Limestone. The 
result can be seen at St Aldhelm's Head (Plate 2.5) where a Portland 
Limestone cliff is skirted by large rotational blocks. Some of these 
movements are recent. Arkell (1947) notes, for example, the remains 
of a garden on the back tilted face of one block. Where the two 
Portland units outcrop together and rotational failures are absent, 
other forms of instability occur. Undercutting of the Limestone leaves 
overhanging cliffs which eventually collapse, leaving a boulder strewn 
undercliff. The Portland Sand acts as a lodging platform for the 
fallen blocks. The result is a characteristic slope profile (Carson 
& Kirkby, 1973) with an upper convexity, free face and talus strewn 
straight section. 
2.3.1.3 Purbeck Beds 




Protruding Chert band in Portland Limestone 
Rx y 'J 

















Back tilted ground surface 
Sea level 
Block rotates seawards 
Toe erosion 
. -Sea level 
Cliff top stretched 
r-1--I 
Main cliff SLIpported by 
rotational slips 
Block rotates seawards 
Blocks reduce erosion rate 
_ 
but are themselves gradually 
ýr -- / removed by the sea 
Sea bola 
II CURD 2.10 
floc (Ic'veIopment of rot ati_ona1 failures 
-59- 
PLATE 2.5 
Rotational failures at St Aldhelm's Head 
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They divide into lower, middle and upper parts (Anderson & Bazley, 
1971; Fischer, 1856; Webster, 1826). Where the bedding is flat, Purbeck 
caps Portland Limestone. Where the structure imparts a northerly dip, 
the Purbeck lies behind the Portland Limestone, forming transitional 
slopes inland and near vertical coastal cliffs between the adjacent 
Wealden and Portland. A detailed section (Fig. 2.11) shows the 
Purbeck consisting of fossiliferous and exceptionally varied fresh- 
water and terrestrial strata with estuarine and marine intercalations. 
Recent stratigraphic research has led to a redefinition of the Purbeck 
Beds and their associated terminology (Casey, 1963; Melville & Freshney 
1982; Townson, 1975), the lower part being renamed the Lulworth 
Formation and the Upper part the Durlston Formation (Fig. 2.7). 
However it is debatable whether-such reclassification is relevant to 
this research. The older divisions recognise lithological unity with 
the Purbeck comprising an alternating sequence of clays, marls and 
limestones. The overlying Wealden Beds are alternating clays, sands 
and sandstones. It is not disputed here that the Purbeck straddles 
the Jurassic-Cretaceous boundary but the entire sequence does give 
rise to a particular type of slope instability that can be disting- 
uished from that of both the overlying Wealden and the underlying 
Portland Limestone. Consequently the stratigraphy of the Purbeck 
Beds will be discussed with reference to the old classification, 
recognising that gradation occurs at the upper and lower limits of the 
units. 
The Purbeck Beds are sub-divided into eight units (Phillips, 1964), 
thinning rapidly to the west (Bristow, 1857). They are dominantly 
laminated limestone and marls (Fig. 2.12). The limestones are cherty 
and interbedding with shales and calcareous clays is complex. More 
than one group has been defined, each with slightly varying lithology 
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THICKNESS 
SECTION STRATA OF STRATA 
(m) 
Viviparus clay circa 3.35 
Marble Beds & Shales 14.02 
UPPER 
Unio Bed 
Sh ll Li 
1.52 
304 0 e y mestone, . 
` Chief Beef Beds 9.14 
lý 
Corbula Beds 10.36 
Upper Building Stone 15.24 
MIDDLE 
Lower Building Stone 2.59 
Mammal Bed 10.36 
Cinder Bed 0.3 
Marls & Gypsum 41.14 
Broken Beds 4.57 
LOWER' 
Cypris Freestones 
Caps & Dirt Beds 5.79 
FIGURE 2.11 
+ 21.93 m 
47.84m 
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(Delair, 1958; 1959; 1960) which becomes increasingly sandy towards 
the top of the unit. The marls and shales become detached by mechan- 
ical and chemical disintegration and removed by marine action. 
Consequently the screens of limestone become increasingly unstable 
and eventually collapse. Where marine erosion is at 900 to the strike 
of bedding, mass movement is restricted to one or two limestone bands 
and adjacent clay seams (Plate 2.6). Where marine erosion is parallel 
to the strike, failures migrate up the cliff (Plate 2.7)resulting in 
the collapse of overlying material and a large accumulation of debris 
at the toe of the slope. Four 'dirt bed' seams recognised by West 
(1961,1975) vary in thickness between 1.5 - 30 cm. They consist of 
fossil organic soil containing subangular stones (Francis, 1983) 
(Plate 2.8). These beds rapidly weather, resulting in the disintegration 
of overlying tufa and an increase in the rate of cliff retreat. The 
Broken Beds are highly-fractured, small limestone pieces with a clay 
infill (Arkell, 1935; 1938; 1947; Fischer, 1856; Ilollingworth, 1938; 
Sedgewick & Murchinson, 1840; Webster, 1816; West, 1960). Due to 
their complexity and extensive brecciation the Broken Beds do not have 
a regular pattern of failure. However the limestone is easily detached, 
resulting in the extensive collapse of overlying beds. Parts of the 
Purbeck form marine ledges which inhibit erosion at the base of sea 
cliffs. These include, for example, the Broken Shell Limestone at 
Peveril Point, the Purbeck Marble of the Peveril Ledges and the Cinder 
Beds which occasionally form small ledges at sea level. 
Translational failures occur at the junction of the Purbeck and Wealden. 
A classic case of instability occurs where brittle limestone overlies 
plastic materials, at Lulworth Cove for example (Plate2.. 9). At the top 
of the unit the Purbeck grades into the Cretaceous. Strahan (1898) 
notes that 'no line can be drawn which does not either include beds of 
-65- 
PLATE 2.6 
The effects of marine erosion in the Purbeck at 
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Instability at the junction of the Wealden and Purbeck Beds 
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Purbeck type in the Wealden or beds of Wealden type in the Purbeck, 
the two formations being absolutely inseparable'. 
2.3.2. The Cretaceous 
The Cretaceous succession in the Isle of Purbeck (Fig. 2.13) includes 
all deposits from the base of the Wealden to the top of the Chalk. 
The Wealden Beds, 716 m thick at Swanage, thin and coarsen westwards 
to 336 m at Worbarrow, 229 m at Mupe and less than 50 m at Durdle 
Door. This lacustrine deposit is highly varied, comprising sands, 
marls, clays and shales (Anderson, 1967) with interbedded sandstones 
and coarse, quartz-rich, pebbly grits (Allen, 1972). Lower Greensand 
thins from 60 m at Swanage to 20 m at Mupe Bay, disappearing completely 
between Mupe and Lulworth. The Lower Greensand is a shallow, marine, 
variegated sand and clay deposit (Casey, 1961). The Gault is 
dominantly a marine clay which becomes increasingly sandy to the west 
while the Upper Greensand is mainly glauconitic, marine,, ill-sorted 
sands and sandstones, with scattered concretions such as phosphate 
nodules. Chalk in the Isle of Purbeck comprises a series of bio- 
turbated., white and light grey limestones with subordinate marls 
(Kennedy & Garrison, 1975). Lower, Middle and Upper Chalk outcrop 
but coastal cliffs are predominantly formed in the latter group. 
2.3.2.1 Wealden Beds 
The Wealden Beds outcrop throughout the area forming subdued relief, 
including the 'central core' of the Isle of Purbeck. The mean angle 
and height of associated coastal cliffs are low. At Durdle Door, 
cliffs 27 m high have a mean angle of 29° and at Worbarrow Bay, cliffs 
17 m high have a mean angle of 21. The outcrop runs continuously ° 
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a 
U Marine OF ROCKS d 1° 41 








w Z Deeper 
00 
ÜC V 0E ,E 




M°, -100 70 
0 E 
W E 
Ü UPPER Chalk with flint 
o CHALK 20 




w C -300 
a 80 
A 
0 MIDDLE ? CHALK Chalk with some flint 400 
F 
Ceno- LOWER Muddy chalk on sandy 85 
manian CHALK phosphatic basement bed 
c UPPER Shallow marine sands -500 GREENSAND" with phosphate g0 
& GAULT Deeper marine clays 
600 
c LOWER Shallow marine 95 
ä GREENSAND sands & clays -700 
100 
800 
Well bedded shales 
ö with shelly layers 105 
w brackish to marine 




U 110 00 
w C M 0 Brightly coloured 115 
marls with -1100 
m 
° WEALDEN (in Dorset) 
cross bedded 





DURLSTON Non marine limestones 
1500 
BEDS & clays marine at base 135 
FIGURE 2.13 
The Cretaceous succession in After Melville & Freshney, 1982 
the Isle of Purbeck 
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from Swanage to Worbarrow as an undulating valley 16 km long and 
averaging 1.6 km wide. West of Tyneham the outcrop is fragmented 
between bays and disappears completely west of Durdle Door. The 
Wealden in the Isle of Purbeck is a variegated deposit (Fig. 2.14) 
including coloured sands, sandstones, grits, mottled clays and shales. 
The variability explains many of the geomorphological characteristics 
of the unit. The coastal cliffs are blanketed in landslides charact- 
eristic of soft, plastic, incompetent materials while at many inland 
locations slopes in the Wealden are mantled with degraded landslides 
representing previous epochs of increased instability. As the width 
of the unit decreases from east to west so does the size and complex- 
ity of individual mass movements. Rotational slides, for example, 
are only found east of Worbarrow Bay, while the size of individual 
features increases from west to east. In addition, specific sections 
of the stratigraphy cause local variations. Bands of sandstone, 
quartz grit and iron cemented conglomerate often form the sides of 
mudslide tracks. These hard cemented bands gradually degrade but at 
a much slower, rate than the mudslides. At Swanage, landslips follow 
the junction of the Red Marl band and the overlying coarse grit layer. 
At all sites seams of sandy, permeable material enhance instability and 
may lead to piping or seepage erosion. 
2.3.2.2. Lower Greensand, Gault and Upper Greensand 
The Lower Greensand, Gault and Upper Greensand outcrops are all small 
and, west of Mupe Bay, almost non-existant with the Lower Greensand 
disappearing completely. Consequently these beds do not contribute 
to 
significantly to the geomorphology of the area. The three beds differ 
in their detailed stratigraphy (Melville & Freshney, 1982) but are 
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to this study. Landslips are, however, associated with these units. 
They are shallow seated and concentrate at the junction of the Wealden 
Beds. 
2.3.2.3 Chalk 
The detailed stratigraphy of the Chalk is not relevant since it has 
little influence on cliff stability. The Chalk outcrops continuously 
as an east-west trending ridge from Ballard Down to Bat's Head, 
truncated at the coast to leave steep vertical cliffs. Its deposition 
and stratigraphy have been widely discussed (Carter & Hart, 1977; 
Kennedy & Garrison, 1975; Rowe, 1901; Wright & Kennedy, 1981) (Fig. 
2.15). In the Isle of Purbeck Lower (Cenomanian) Chalk, a blocky 
grey marl containing bands of flint, is almost completely faulted out. 
The Middle (Turonian) Chalk is hard, white and nodular with thin marl 
seams. It is present throughout Purbeck but in small sections and is 
dominated by the Upper (Senonian) Chalk which contains much flint and 
is particularly hard. Variation in the engineering performance of the 
chalk is broadly reflected in changes in cliff height. At Studland 
Chalk cliffs average 15 - 20 m but west of Worbarrow Bay they exceed 
60 - 70 m. 
Although the aspects of the lithology relevant to this study are 
relatively uniform some points require discussion. Due to the resis- 
tant nature of the Upper Chalk, weathering is slow and cliff retreat 
is dominated by rockfall. Large boulders at the foot of the cliffs 
at Worbarrow illustrate this. Local conditions may permit more rapid 
erosion. For example, a line of small caves controlled by faults has 
developed between Bat's Head and Durdle Door. The enlargement and 
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The relative'long-term stability of Chalk cliffs is reflected in the 
vegetation, which often covers large areas of cliff faces but with the 
interspersed rock scars of recent failures. 
2.4 STRUCTURE 
The structure of the Isle of Purbeck, initially described by Strahan 
(1895,1898) has important effects on slope stability. Deep, major 
surface and local structures must all be considered. 
2.4.1 Deep Structures 
Until recently the horst and graben structures of southern England 
were thought to control the surface structures of the Isle of Purbeck. 
However, recent explorations (Melville & Freshney, 1982) and a contour 
plot drawn at the base of the Tertiary (Fig. 2.16) suggest that the 
area is divided into subsidiary basins separated by blocks of stable 
material. The deep features are important because they control the 
surface structure and, in turn, slope instability. This is seen from 
a cross-section linking the principal surface structures and postulated 
basement fault blocks of the Hampshire Basin (Fig. 2.17). There are 
a number of relevant basement characteristics. A series of positive 
and negative gravity anomalies represent east-west structures of 
assumed Varsican age (White, 1948) while a steep gravity gradient 
trending north-west/south-east suggests that a deep-seated structural 
line cross-cuts the basement rocks and passes out to sea in the 
vicinity of Lulworth. The asymmetry of the Purbeck monocline is 
particularly important. This was originally thought to be due to 
north-south compression during the Tertiary Alpine Orogeny (Arkell, 
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draping of plastic Mesozoic and Tertiary strata over active basement 
faults and associated tensional and compressional movements. 
2.4.2 Surface Structures 
The structural framework of the Isle of Purbeck (Fig. 2.18) comprises 
the Purbeck monocline which runs approximately east-west, slightly 
oblique to the coast and with a gentle easterly plunge. The southern 
limb of the monocline has been mainly removed except at the Isle of 
Portland. A number of changes along the coastal cliffs are attribut- 
able to the surface structure (Fig. 2.19). In south-eastern 
Purbeck the bedding is horizontal with two vertical joint sets trend- 
ing east-west and north-south. A cross-section (Fig. 2.19a) illust- 
ates a change from north to south with increasing angles of dip, 
approaching the vertical in the north. This is particularly clear 
in the Chalk north of Swanage. At Chapman'sPool (Fig. 2.19b) a 
northerly dip of 50 at the coast becomes steeper inland. Westward 
from Chapman's Pool marked changes occur. The dip increases at the 
coast. The bedding in the cliffs at Worbarrow Tout for example, dips 
at 28 - 30°N with angles of 32°N at Bacon Hole, 32°N at Fossil Forest 
and 36°N at Lulworth Cove. Joint orientation also changes, one set 
dipping to the east, another to the west and a third less dominant 
set to the south. Cross-sections at Stair Hole, Dungy Head and 
Durdle Door show a continued increase in the dip of bedding from 38°N 
to 83°N and 85°N respectively. Thus within the Isle of Purbeck there 
is a gradual change in dip of almost 90° and an accompanying variation 
in the joint pattern from east to west. This has considerable implic- 




. "", ""., "" 






















































































U) U :I 
G -4 1, 
0 n0 CO U 
. -, c ,, U) N U Li N 41 cl Q) -c-- 0 U) U7 dip rJ 
W I "-I O 
Cý -4 OD LJ 
, 
Cý 0 OD 0 v 
H I--i " rl r--4 ; L'+ (.. ) 












WV0 MONIIVAIIOM 10 























ö o /I 
ýE N 
ý q 




























2.4.3 Local Structures 
There are many localised structural characteristics in the Isle of 
Purbeck of little relevance to this study but there are also some that 
are important (Table 2.2). The Lulworth Crumple (Arkell, 1938) adds 
much complexity to local slope instability. Best seen at Stair Hole, 
the crumple disappears to the east and west due to the plunge of the 
fold. At Durdle Door, local structures suggest that the crumple prev- 
iously lay above the present cliffs. On the eastern flank of Lulworth 
Cove the apex remains above sea level, while only a gentle roll to the 
strata occurs at Bacon Hole. There have been various explanations of 
the evolution of the Lulworth Crumple, including gravity slipping 
(Lees, 1936), drag folding with upward and southward movements against 
the dip and towards the crest of the main structure (Arkell, 1936, 
1947), a difference in the shearing forces at the base and the top of 
the Purbeck (West, 1964) and gravity folding (Melville & Freshney, 
1982). It is important to recognise that a complex joint pattern 
accompanies the bending and displacement of joint bounded blocks. 
Faulting around Lulworth is responsible for. the localised disappearance 
of the Greensand and Gault and associated mass movements while a series 
of thrusts in the Chalk have led to the development of a series of 
small caves, undermining the cliff and therefore increasing the like- 
lihood of failure. 
2.5 OFFSHORE GEOLOGY 
Elaborating work by King (1954), Donovan, Stride and Lloyd (1961) note 
that a knowledge of the sea-bed between the Isle of Portland and 
Durlston Head is necessary for an understanding of the geology of the 
Isle of Purbeck. Details reported from an acoustic survey (Donovan, 
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Stride & Lloyd, 1961) show that the characteristics of north-south 
cross-sections taken at points along the Isle of Purbeck can be more 
clearly explained with reference to the offshore geology. Also cliff 
sections are better understood since they can be considered relative 
to the overall structure. The offshore geology (Fig. 2.20) reflects 
the characteristics of the coastline. Acoustic and borehole work 
show that a reconstructed land surface between Durdle Door and Chapman's 
Pool would comprise a lateral extension of the presently adjacent 
lithological units. South of that, strata would dip gently to the 
south, corresponding to the truncated flank of the structure. The 
sea bed topography reflects the mechanical characteristics of different 
rock units. Expanses of Kimmeridge Clay, for example, form 'deeps' 
while the Portland Limestone stands up as ridges. The nearshore 
geology also shows that the location and development of bays along the 
coast is not due to major changes in the stratigraphy or structure. 
The sea bed materials of Worbarrow Bay and Lulworth Cove are the same 
as adjacent tracts of cliffline for example. It is therefore clear 
that the evolution models developed on the basis of current exposures 
can be extrapolated into the missing coastal regions with some 
confidence. 
2.6 PLEISTOCENE DEPOSITS 
The Pleistocene chronology for the Isle of Purbeck (Table 2.3) has 
been extensively studied (Arkell, 1947, Kellaway et al., 1975, Melville 
& Freshney, 1982). Some points warrant discussion because they indic- 
ate changes in sea-level which are bound to be reflected in current 
cliff morphology. Increased instability will have resulted from 
higher sea-levels, which may have triggered the large rotational 
landslips at St Aldhelm's Head for example. Lower sea-levels may 
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also be reflected in disequilibrium between current process and 
landforms. 
Present evidence for sea level change includes truncated valleys, at 
Scratchy Bottom for example, the Portland raised beach (Brunsden & 
Goudie, 1982; Melville & Freshney, 1982; Pugh & Shearman, 1967; 
West, 1972) which stands 15 m above present sea level and Chesil Beach 
(Brunsden & Goudie, 1981; Carr, 1973, Carr & Gleason, 1972) which 
suggests that sea level was at -45 m approximately 10,000 BP. These 
all suggest that the Isle of Purbeck can only be fully understood by 
reference to sea level change and, although the chronology is complex, 
there is no doubt that the changes have influenced the stability of 
coastal cliffs. In some instances this will still be reflected in 
current morphology and processes as the coastline continues to be 
modified to an equilibrium form. 
2.7 DISCUSSION AND SUMMARY 
The geology of the Isle of Purbeck is well documented. An apparently 
simple area is complicated by variations within each rock unit and 
structural complexities. These hold important implications for both 
the overall geomorphology of the area and also the stability of coastal 
cliffs. The programme of geomorphological mapping described in Chapter 
III highlights the strong lithological and structural controls through- 
out the Isle of Purbeck. A detailed consideration of the geology is 
also essential to identify those rock units requiring more thorough 
investigation. The successful planning and implementation of an 
engineering survey and classification, considered in chapter IV, 
similarly relies heavily on the details of geology. 
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The major conclusions can be summarised. Structure appears signif- 
icantly to influence patterns and types of slope instability. This 
is due primarily to changes in the patterns of discontinuities. The 
thinning and disappearance of certain rock units from east to west is 
reflected in the type and size of individual landslides and the 
complexity of the mass movements. Lithological variations within 
stratigraphic units control individual mass movements. A detailed 
programme of geomorphological mapping and engineering classification 
was conducted to interpret the association between landslides, 
lithology and structure, to determine the most important geomorphol- 
ogical features, mechanisms of failure and processes, the important 
rock units and their material properties and to use recognised 
mechanisms of slope failure to choose the computer models to be used 
in slope stability analysis. 
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Chapter III GEOMORPHOLOGY OF THE ISLE OF PURBECK COAST 
3.1 INTRODUCTION 
An examination of the geology of the Isle of Purbeck shows that it 
provides a fundamental control on the coastal landforms (see Chapter 
II). Previous discussion however centres on general associations 
rather than specific details of the geomorphology. An important 
component of this study is the close examination of the coastal 
slopes and cliffs. Central to this is an investigation of mass 
movement. The aims of this chapter can be summarised: 
(i) locate and describe the landforms along the coast 
(ii) classify the slope processes 
(iii) discuss process - form interrelationships with specific 
reference to the different lithologies 
(iv) consider the origins of the mass movements and those mechanisms 
responsible for their evolution 
(v) identify, in detail, the links between geomorphology and geology 
in the region including differences between and similarities 
within lithological units. 
(vi) provide a base for the detailed research programme. 
To achieve these aims a number of exercises were undertaken. Topo- 
graphic maps were reviewed. Areas of change between different editions 
were located and used to identify cliff instability and retreat rates. 
Air photographs were studied to provide information on recent changes 
in slope morphology. Vertical and oblique cover, taken at intervals 
over the last century was utilised. Detailed geomorphological mapping 
was conducted to obtain precise details of the current landforms. 
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Mapping is becoming an increasingly useful and accepted technique in 
engineering geology (Dearman & Fookes, 1974; Working Party Report, 1972) 
as a means of linking descriptive geomorphology with the quantitative 
methods of soil and rock mechanics. It therefore forms an important 
prerequisite to the remainder of this thesis. 
3.2 INITIATION OF INSTABILITY 
Rib and Laing (1978) note that "half the solution to a landslide 
problem is the recognition and identification of causes and types of 
movement". Some consideration must therefore be given to the causal 
factors of mass movement in this area and the potential for landslide 
development. 
The processes associated with landslides comprise a continuous series 
of events from cause to effect. Some slope failures, those in materials 
such as the Chalk and Portland Limestone for example, last only a few 
seconds. Others, such as those in the Wealden Beds, are usually slower, 
more continuous movements. Inherent therefore to an understanding of 
the characteristics and spatial distribution of the features to be 
found along the Isle of Purbeck coast is a knowledge of their causal 
mechanisms. Taking the widest view, these relate as far back temporally 
as the formation of the materials (Zolotarev, 1974). However in the 
context of this study two sets of causal mechanisms must be considered. 
Long-term environmental fluctuations influence instability patterns, 
both spatially and temporally, throughout the area. Short-term changes 
in site-specific parameters cause local variations in the mass movements. 
Many of the possible causes of landslides have been summarised by 
Brunsden (1985) (Table 3.1). It is impossible to ascribe failure to 
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TABLE 3.1 
Causes of Landslides 
Specific Cause 
A. External 
1. Geometrical change 
a. Gradient Basal erosion, stream, glacier etc. 
b. Height Excavation, mining, quarrying 
c. Slope length Subsidence, karst, mining 
Fill 
2. Unloading 
a. Natural Slope erosion, removal of support, 
glaciers melt causing lateral 
b. Man-induced expansion, cracking 
3. Loading 
a. Natural Rapid deposition by streams, in 
deltas, solifluction etc 
b. Man-induced Fill, embankments, building 
4. Shocks and Vibrations 
a. Single Earthquakes/Faulting 
b. riultiple/continuous Subsidence 
Explosions, machinery 
5. Water regime change 
a. Saturation Intense precipitation/flooding 
b. Rise in water table Snow melt 
c. Excess pressures Dam collapse 
d. Drawdown Blocked drainage or diversion 
Vegetation change 
B. Internal 
1. Progressive Failure (internal response to unloading etc. ) 
a. Expansion, swelling Erosion of slope, wetting/drying 
b. Fissuring Mining/blasting 
c. Strain softening Open cast working 
d. Stress concentration Sub-surface burning 
2. Weathering 
a. Physical property changes, Freeze-thaw 
comminution, swelling Desiccation 
b. Chemical changes Leaching, solution, salt weathering 
etc 
3. Seepage Erosion 
a. Removal of cements 
b. Removal of fines 
Solution, piping 
Leaching 
From Brunsden, 1985 
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an individual parameter. One factor is often merely a trigger 
mechanism, setting in motion material already on the verge of 
movement. However it is usually possible to differentiate between 
the effects of variables such as climatic change and pore water 
pressure, since the former will have widespread and the latter 
localised effects through both time and space. These complexities 
have been widely discussed (Skempton & Hutchinson, 1969; Terzaghi, 
1950; Zaruba and Mencl, 1969) and therefore only those factors 
thought to contribute to mass movement in the Isle of Purbeck will 
be considered. 
3.2.1 Long-term causes of instability 
The general ground configuration in the Isle of Purbeck originates 
from events which occurred during the Quaternary (Brunsden & Goudie, 
1981). These processes have resulted in the development of the 
'classic' coastal landforms seen today, with bays such as Worbarrow 
and Lulworth having developed from a combination of slope instability 
and marine processes. There seems little doubt (Brunsden & Goudie, 
1981; Jones et al., 1983) that the principal causal mechanisms leading 
to slope movements and landscape development to its current form were 
the last rise in sea-level and the accompanying environmental change. 
The drowning of river valleys (Burton, 1937; Steers, 1964) and erosion 
at the base of the cliffs initiated failures and caused retreat of the 
coastline in all lithological units. The rise in sea-level during the 
Flandrian transgression has been widely discussed (Goudie, 1983), with 
suggested rates of rise ranging from 60 cm / 100 years (Jelgersma, 
1966) to 100 cm / 100 years (Godwin et al. 1958) (Fig 3.1). Although 
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slope instability, as summarised by Newell (1961), "this was the most 
important event of recent time ... with far reaching effects. " 
Climatic change is similarly a long term control on slope instability. 
Grove (1966,1972), for example, found an increased frequency of mass 
movements in Norway during the Little Ice Age, while recent work by 
Pitts (1981) suggests that a similar situation existed in south-west 
England. Many of the slope forms found between Durdle Door and 
Worbarrow Bay today,, probably owe their origin to this cooler, wetter 
period. Manley (1958,1962) in his review of changes in the British 
climate, noted severe winters in the years 1688-1702,1760-1768,1776- 
1783,1795-1803,1820,1826-1830,1837-1855 and 1878-1897. Again 
instability will have been greater during these cooler, wetter regimes. 
A more recent example of the effects of anomolous climatic events of 
duration as short as one year was reported by Jones (1980). Partic- 
ularly large accumulations of snow melted over a twelve hour period 
causing a large. translational slip on West Hill, adjacent to Chapman's 
Pool. 
3.2.2 Short-term causes of instability 
On a shorter timescale, the causes of landslides divide into two groups 
(TerzaBhi, 1950); external causes which result in an increase in shear 
stress and internal causes resulting in a decrease of the shearing 
resistance. This approach has been adopted for previous mass movement 
studies (for example, Johnson in the British Isles, 1965,1980). It 
is not intended to discuss all short-term causal mechanisms since the 
available literature is extensive (for example, Brunsden, 1979,1985; 
Terzaghi, 1962; Varnes, 1958,1978) but those which are important in 
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the Isle of Purbeck will be considered. Recent work emphasises the 
importance of a reduction in shear strength in coastal areas (Brunsden 
& Jones, 1976) and the effects of decompositional agencies such as 
chemical weathering (Pitts, 1981). 
In the Isle of Purbeck a number of causal mechanisms appear to be 
important. Unloading by basal erosion results from the action of 
waves, longshore drift and tidal currents. Material is removed from 
the toe of the cliffs, reducing the support which is provided. This 
is often cited as the most common cause of mass movement in coastal 
areas (Hutchinson, 1973; Ward, 1945; Wood, 1971) and is evident 
throughout the Purbeck coastline particularly in winter when storms 
frequently attack the foot of cliffs, removing material. Changes in 
moisture regime, in particular, increases in ground water and porewater 
pressure, affect the intergranular forces within the materials 
(Vaughan, 1973). This is important in hard rock masses as well as 
clays. Collapse of the cliff rear scar causes loading at the head of 
existing landslides (Hutchinson & Bhandari, 1971; Kennedy & Dury, 1973) 
while internal erosion, evidenced by soil piping, can be found and is 
suggested from the blocky structure of the soil. Terzaghi (1931) 
suggested the collapse of pipes is important, following the subterranean 
removal of soluble materials. Since West (1975) has suggested that 
the removal of solubles such as gypsum, salts and carbonates from some 
of the lithologies is common in the Isle of Purbeck, it seems likely 
that this latter process may be significant in causing landslides. 
Weathering and associated softening due to climatic processes and 
physico-chemical reactions including hydration, drying and cation 
exchange (Brunsden, 1984; Torrance, 1975) significantly reduce material 
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strength. Seasonal climatic variability, including precipitation and 
evapotranspiration, has been widely researched and climatic parameters 
have been correlated with mass movement (Kent, 1966; Shreve, 1968, 
Zaruba & Mencl, 1969). 
Identification of these relevant causal mechanisms is important to 
this research and coupled with the examination of the resultant types 
and spatial distribution of slope instability phenomena, form the base 
for much of the remaining study. They must also be related to the 
observed temporal behaviour of the mass movements, including periods 
of activity - inactivity and seasonal variability. 
3.3 ASSESSMENT OF OVERALL CLIFF INSTABILITY 
A programme was designed to examine changes in the coastal cliffs, 
establish mean rates of cliff top retreat, identify the mass movement 
phenomena present and explain their distribution. Desk and field 
investigations were conducted to achieve this. 
A detailed study of topographic maps was used to establish rates of 
cliff top retreat and hence past instability. Air photographs 
provided a means of identifying specific types of failure which are 
present, while field mapping permitted the spatial distribution of the 
features seen on the photographs to be established. 
3.3.1 Investigations utilising topographic maps 
The desk study utilised topographic maps published by the Ordnance 
Survey of Great Britain (Table 3.2). For the requirements of this 
-100- 
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study it was decided to use the 1: 2500 series (Table 3.3) since they are 
published at an adequate frequency of resurvey and revision. In 
addition the detail at this scale often indicates approximate direc- 
tions of movement and broad differences in material type. Changes at 
the cliff-beach junction can also be considered between different 
editions at this scale, provided the reservations on accuracy expressed 
by Carr (1962) are borne in mind. Other map scales are unsuitable for 
this research. Six inch and associated series are merely redrawn from 
1: 2500 scale maps while the width of lines at smaller scales is too 
great to attribute changes between editions to mass movement unless 
failures are particularly large. 
Each map sheet was used to obtain details of cliff retreat using a 
standard procedure. The National Grid series second edition was used 
to plot the current position of the cliff crest and these details used 
to prepare base maps. Data was extracted from the 1888 first edition 
of the 1: 2500 series and plotted to establish the total cliff retreat 
and ground loss since the first survey. This was repeated using all 
editions and revisions of the 1: 2500 series to establish the rate and 
frequency of cliff retreat based on 100 year data. The results (Fig 
3.2) highlight a number of important details. 
The regression of the cliff top on 1: 2500 series Ordnance Survey 
sheets is represented either by the extension of hachures or relocation 
of the line marking the landward extremity of the unstable ground. 
Changes in these can be traced between different editions. Retro- 
gradation is not uniform along the coast, nor does it appear to have 
any identifiable spatial pattern. There is no evidence, for example, 
of stable sections of cliff being flanked by unstable zones on one 
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edition with reversed conditions on later sheets. Hutchinson (1983) 
suggests that in' some cases such patterns can be traced, but in the 
Isle of Purbeck cartographic records are probably not sufficiently 
long to permit this. 
Cliff retreat is not confined to specific lithologies but rates do 
vary between materials. Such variations are also present within rock 
units. For example, although sections of stable ground have become 
detached at Stair Hole and Worbarrow Bay the extent of each collapse 
varies. Chalk cliffs similarly have been marked by recession at some 
points but not at others. Worbarrow. Bay and St Oswald's Bay demonstrate 
this respectively. It cannot be assumed that by studying togographic 
maps all failures can be identified since slope movements are not 
always associated with retreating cliffs. Recent rockfalls from the 
chalk at St Oswald's Bay, for example, have occurred from the free 
face with no adjustment to the top of the cliff. Similarly, the cliff 
base may be eroded and the overall slope profile steepened but with 
no retreat at the slope crest. 
Details from the topographic maps suggest that an overall pattern of 
recession can be proposed: 
(i) Short term: 0-10 years. Retreat occutsat specific points, seen 
currently for example on the eastern flank of Lulworth Cove. 
(ii) Medium term: 10-100 years. A number of short term single events 
combine. The overall result is retreat of a large section of 
Cliff. 
(iii) Long term: > 100 years. Cyclic changes from periods of high 
activity to others of relatively little movement. 
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Topographic maps can be used to relate cliff retreat and structure. 
This is particularly relevant to this study (see chapter II). Two 
examples can be cited. The chalk cliffs at Arish Mell are developed 
far back in the Purbeck Monocline. Bedding is inclined between 300 
- 900. The resulting highly active rockslide (Plate 3.1), is a 
consequence of the steep angle of bedding relative to the free face. 
Where Portland limestone cliffs occur in the flat lying limb of the 
fold, cliff retreat is slow, relying on the removal of individual 
blocks of material.. However where bedding dips steeply to the north, 
one fall can result in the detachment of a large volume of material. 
This can be seen immediately to the east of Stair Hole where signif- 
icant recession can be identified since the 1960 edition of the 
1: 2500 series. 
As well as general observations, important site specific details 
emerge from this investigation. Cliff retreat is greatest at 
Worbarrow Bay, particularly in the Wealden Beds. Between 1888 and 
1982 material has become detached along the entire outcrop, being no 
more than 2.5 - 3.0 m at some points but exceeding 30 m at others 
and averaging 10 - 15 m overall. Since 1888 approximately 6250 m2 
of ground has been lost at Worbarrow. Although there does not 
appear to be any identifiable spatial or temporal pattern, ground loss 
does appear to be greater towards the centre of the outcrop. Between 
1888 and 1902 retreat of the cliff was limited to two points, one 
approximately 2.5 m wide by 16 m long and the other 20 m by 16 m. The 
1955 edition indicates that detachment occurred along the whole coast- 
line in the intervening 50-60 years but with greater effect at some 
points than at others. The cumulative effect resulted in the dis- 
appearance of-2000 - 2500 m2 of ground. Resurvey in 1960 shows still 
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PLATE 3.1 












further regression throughout the length of the Wealden outcrop and 
present day field mapping suggests a similar trend. At Worbarrow Bay 
it can therefore be concluded that recent cliff retreat has been 
pronounced, rates of recession are not constant through either space 
or time but over long periods the cumulative result is detachment 
throughout the area. 
At Lulworth Cove and Stair Hole cliff retreat is again most prominent 
in the Wealden Beds. It is not, however, as extensive as at Worbarrow 
Bay. Topographic maps show-that on the east side of Lulworth Cove 
retrogradation has been concentrated at one point where ground loss 
has exceeded 300 m2 since 1888. The west flank of the Cove has three 
areas of distinct change within the Wealden, all since 1955, and one 
at the junction of the Wealden and Purbeck Beds which has developed 
since 1888. Recent mapping suggests that this is currently one of 
the most unstable parts of the coastline. Stair Hole shows cliff 
retreat on all flanks, with particularly noticeable changes in the 
Wealden. Much of this is absent from the 1888 and 1902 map editions, 
showing signs of increased activity on 1955 and 1960 sheets but with 
most change occurring between 1960 and the present. At Durdle Door 
the detail available on topographic maps is limited, since the Wealden 
outcrop is not recognised as part of the main cliff edge. Consequently 
although slope instability has been active it is difficult to establish 
its net effect. 
When compared with the Wealden Beds, cliff retreat in other rock 
types is much slower and displays greater spatial discontinuity. It 
is also particularly difficult to establish rates of retreat due to 
the infrequency of movements and high probability that long term 
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extrapolation of such short-term, infrequent events would be misleading. 
Chalk cliffs have only changed at one or two points and at no place 
has ground loss been extensive, usually being less than 2 m. At 
Scratchy Bottom, west of Durdle Door, 2-3 m of material has been 
removed since 1888 with much of this occurring since 1955. This cliff 
section includes a truncated dry valley, infilled with solifluction 
debris. Cliff retreat is doubtless exaggerated by the removal of the 
head deposit while much of the underlying Chalk remains in situ. At 
the western extremity of Worbarrow Bay coastline regression in the 
chalk is again noticeable from topographic maps, while the remaining 
cliff in this material appears to be unchanged since 1888. 
Cliffs in Portland limestone are similarly lacking in change. Notice- 
able retreat is limited to one point between Lulworth and Stair Hole, 
and a second at Pondfield. Both have occurred since 1960 and involve 
less than 15 - 20 m2 of the ground surface. The details pertaining 
to changes in chalk and Portland limestone cliffs obtained from 
topographic maps, however, may well be misleading for other reasons. 
Some of the cliffs, for example, plunge directly into the sea and it 
is therefore difficult to establish rates of change. Material 
detachment may occur from the free face, having no effect on the 
position of the slope crest and although other rockfalls may be large, 
their effect on the cliff top may be small and beyond the resolution 
of the topographic mapping. 
Finally, cliff recession can be recognised in the Purbeck Beds at 
Stair Hole, on the western flank of Lulworth Cove, at two points along 
Fossil Forest and at Worbarrow Tout. This is all recent, being absent 
before 1955 but is not directly relevant to this study. 
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A number of points highlight the need for more detailed investigations. 
Topographic maps provide an incomplete picture and sometimes a biased 
view where ground survey has been particularly difficult or the true 
position of the cliff top miscalculated. No attempt can be made to 
relate cliff retreat to formative processes and a study of cliff 
instability requires detailed knowledge of the landforms between the 
crest and toe of the slope. Air photographs were therefore used to 
confirm the details obtained from the topographic maps and identify 
the mass movement types. 
3.3.2 Investigation utilising air photographs 
Vertical stereo-pair photography for the Isle of Purbeck is extensive. 
Specific criteria were used to choose the flight runs used in this 
investigation to maximise the usefulness of this part of the desk 
study. Cover had to be complete for the whole coast (Fig. 3.3) with 
the dates of each flight well distributed between the first and the 
most recent sortie (Tables 3.4,3.5). The use of air photographs for 
identifying and delineating landslides is widely discussed (Hutchinson 
& Gostelow, 1976; Rib & Laing, 1978; Rice et al, 1969) and the value 
of such interpretation in mass movement studies is often upheld 
(Maruyasu et al, 1964) with identification accuracy often being as 
high at 90%. The advantages to this research are numerous. Features 
can be identified, permitting the development of a set of symbols for 
future geomorphological mapping. An overall three-dimensional 
picture can be presented of slope surface morphology including details 
of important parameters such as topography, surface drainage and 
vegetation as a precursor to geomorphological mapping. This is part- 
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Details of oblique air photograph cover 
Source Cover Reference Date of Cover Details of Cover 
Aerofilms PR1781 22.6.36 Lulworth Cove and western end of 
Fossil Forest oblique from west 
C14236 22.6.36 Lulworth Cove and Stair Hole 
from west 
PR7376 18.8.46 Lulworth Cove 
R156627 16.9.51 Mupe Bay, Arish Hell & 
Worbarrow Bay east from Bacon 
Hole 
A35600 23.4.51 Western flank of Lulworth Cove 
looking north-east 
A35599 23.4.51 Western flank of Lulworth Cove 
looking north-west 
A49037 6.5.53 Bat's Head to western St 
Oswald's Bay looking west 
A49038 4.5.53 Durdle Door promontory looking 
north east 
R25945 10.10.55 Lulworth Cove & western end of 
Fossil Forest, north 
A68454 26.7.57 Pondfield & Worbarrow Bay north 
from Worbarrow Tout 
SV2142 5.6.69 Durdle Door to Bat's Head west 
from Durdle Promontory 
SV1948 8.6.69 Lulworth Cove looking north 
AC281943 1.8.74 Lulworth Cove & Stair Hole 
south from Bindon Hill 
284038 18.9.74 Lulworth Cove looking north 
349027 18.9.74 Stair Hole Lulworth & Worbarrow 
from Hambury Tout 
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occasions dangerous and sometimes impossible. Locating lithological 
boundaries on the air photographs aids the comparison of mass move- 
ments and their distribution relative to different rock units. 
Studying photography of different dates highlights landslide develop- 
ment and links can be drawn with cliff retreat. Finally, cliffs 
where mapping is impossible can be studied and attempts made to 
identify important slope characteristics such as seepage zones and 
changes in ground moisture regime. The ground covered by the photo- 
graphs is outlined in Figures 3.4 and 3.5. 
3.3.2.1 Identification and classification of mass movement from 
air photography 
Identification and classification, a necessary part of the study of 
mass movement (Chorley et al., 1984), is usually based on the morph- 
ological characteristics of the landforms. In some instances these 
can be unique to one specific mass movement. Rotational slips, for 
example, exhibit backtilting of the original ground surface. In other 
cases identifying criteria can be common to a number of mass movements 
but assume different qualities for each type of landslip. Many types 
of landslide incorporate a slip surface, for example, whose shape 
differs from one mass movement to another. Classification follows 
identification and is usually based on the type of movement, its 
velocity and water content. The classification system proposed by 
Hutchinson (1968) (Table 3.6) and further explained by Skempton & 
Hutchinson (1969) was adopted from a plethora of alternatives 
(Coates, 1977; Crozier, 1973; Ladd, 1935; Sharpe, 1938; Terzaghi, 1950; 
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CREEP (1) Shallow, predominantly seasonal creep: 
(a) Soil creep 
(b) Talus creep 
(2) Deep-seated continuous creep: mass creep 
(3) Progressive creep 
FROZEN (4) Freeze-thaw movements 
GROUND (a) Solifluction 
PHENOMENA (b) Cambering and valley bulging 
(c) Stone streams 
(d) Rock glaciers 
LANDSLIDES (5) Translational slides 
(a) Rock slides: block slides 
(b) Slab, or flake slides 
(c) Detritus, or debris slides 
(d) Mudflows/mudslides 
(i) Climatic mudflows 
(ii) Volcanic mudflows 
(e) Bog flows: bog bursts 
(f) Flow failures 
(i) Loess flows 
(ii) Flow slides 
(6) Rotational slips 
(a) Single rotational slips 
(b) Multiple rotational slips 
(i) In stiff, fissured clays 
(ii) In soft, extra-sensitive clays: clay flows 
(c) Successive, or stepped rotational slips 
(7) Falls 
(a) Stone and boulder falls 
(b) Rock and soil falls 
(8) Sub-aqueous slides 
(a) Flow slides 
(b) Under-consolidated clay slides 
From Hutchinson, 1968 
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Most of the Isle of Purbeck cliffs include four characteristic units: 
(i) Rearsiope scar. Some indication of age can be gleaned from 
photographs since older examples are usually less steep, show 
signs of increasing vegetation cover and are weathered. 
(ii) Area mantled with landslips in 'soft' materials and scars 
delimiting failure zones in 'hard' rocks. 
(iii) Secondary failures. Resulting from the disintegration of larger 
mass movements and termed 'block disruption' by Brunsden & Jones 
(1976), these usually form smaller, individually -identifiable mass 
movements. 
(iv) Toe slope. Two mass movement types can be identified; phenomena 
which usually feed from the base of upslope movements and 
collapses where marine undercutting has led to cliff destabil- 
isation. Undercutting is particularly active during winter 
months, when ground conditions are wet and littoral processes 
particularly active. 
3.3.2.2 Location and distribution of mass movement phenomena from 
air photographs 
The identifying characteristics of rotational slides are noted in 
Table 3.7 and Figure 3.6. They are most common in areas of rapid 
coastal erosion and are broken up by secondary mass movements. 
Previously cited examples display similar characteristics to the 
rotational failures present along the Isle of Purbeck coast. 
Hutchinson (1968) discusses similar features at Warden Point, Isle of 
Sheppey, in London Clay where marine erosion is rapid and cliff 
recession averages 2.0 - 3.0 m yr (Steers, 1964). These rotational 
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bench-shaped plan form, backtilting, steep back scar and debris 
filled hollow. The coastal slopes at Folkstone Warren, Kent (Fig. 3.7) 
(Skempton & Hutchinson, 1969; Toms, 1953; Wood, 1955) display similar 
characteristics. 
In the Isle of Purbeck rotational failures can be photographically 
identified in the Wealden Beds at Worbarrow Bay (Plate'3.2) where the 
cliffs are exposed to the maximum fetch and dominant south-westerly 
wave direction. They are absent elsewhere along the coast between 
Worbarrow Tout and Durdle Door, although they have been reported in 
other parts of Purbeck (Jones, 1980; Jones et al., 1983). At Worbarrow 
Bay a succession of these features appear to have developed together, 
resulting in the loss of a large area of ground. There are similar- 
ities between the individual blocks, including the extent of veget- 
ation regeneration and development of secondary slip features. 
Rotational failures are confined to a small part of the Wealden 
outcrop at Worbarrow. At one point blocks lie en-echelon. Such 
multiple rotational slips are common at other sites along the British 
coast, including Black Ven (Brunsden & Jones, 1971) and Fairy Dell 
(Brunsden & Jones, 1976) in Dorset, Folkstone Warren, Kent (Hutchinson 
1969; Hutchinson et al., 1982; Toms, 1953; Wood, 1955), and Ventnor, 
Isle of Wight (Hutchinson, 1980) (Fig. 3.8). Although smaller and 
less complex, the rotational slips at Worbarrow Bay bear all the major 
characteristics of these larger phenomena. 
It is initially surprising that rotational failures are only present 
at Worbarrow Bay but some possible explanations can be proposed. Other 
Wealden outcrops may not be sufficiently extensive to facilitate the 
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PLATE 3.2 
Rotational slide at Worbarrow Bay 
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Bay the stratigraphy of the Wealden becomes complex (see chapter II) 
with an increased sand content and cemented ferruginous bands for 
example. Such characteristics are not conducive to the development 
of deep-seated single block failures. 
A comparison of air photographs of different dates shows that many of 
the rotational failures are recent phenomena. There seems to have 
been a period of landslip activity between 1951 and 1956, with further 
movement in ensuing years. Photography from 1961 and 1968, for example, 
shows increased separation of the slipped blocks and an extended 
surface area to the slip scar. 
The identifying characteristics of translational slides are noted in 
Table 3.7 and Figure 3.9. Previously cited examples confirm the 
identification of these features in the Isle of Purbeck. London Clay 
cliffs at Boughton Hill, Kent are susceptible to translational movements 
(Skempton & De Lory, 1957) with slopes of 8- 100 being scarred by 
shallow slides moving over a slip surface parallel to the ground. 
Similar features are recognisable at Jackfield, Shropshire, in the 
overconsolidated clay of the Coal Measures (Henkel & Skempton, 1955). 
Although these examples are larger than those found in Purbeck, their 
identifying characteristics are essentially the same. 
Translational slides can be identified from air photographs in the 
Wealden Beds throughout the Isle of Purbeck. They are clearest on 
oblique images because the scale of the vertical cover is too small 
to permit their accurate definition. In accordance with Attewell & 
Farmer (1976) translational slides are best developed where rotation 
is inhibited. The geological constraints preventing the development 
-129- 
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FIGURE 3.9 
Identifying characteristics of translational slides 
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of deep seated slips promote shallow planar failures. This does not 
mean that in the Isle of Purbeck rotational and translational movements 
are spatially separated but that where the former are absent the latter 
are larger and more fully developed. The complex stratigraphy of the 
Wealden Beds favours the formation of these features. Chandler (1972), 
for example, notes that the failure surfaces of translational slips 
are often found at cemented horizons. Ferruginous and sandstone bands 
in the Wealden act in this way. The individual features are not 
large, however, and geomorphological mapping will later show that 
only a small proportion of the translational slips were identified 
from the photographs. 
Many of the individual movements seems to form one stage in a sequence 
of events. Material is evacuated from the slope via mudsliding, 
resulting in the detachment of blocks from the cliff crest which then 
translate down slope and feed into the rear of the mudslide. This 
produces cyclic recession of the ground surface which remains stable 
until mudslides lead to the initiation of a failure in the source 
area. Frequently the development of specific features cannot be 
traced temporally using the photographs due to the size of the 
individual blocks and the speed at which they degenerate. 
Mudslides are a form of mass movement in which softened, argillaceous, 
silty or very fine debris advances chiefly by sliding on discrete 
boundary shear surfaces in relatively slow moving, lobate or elongate 
forms (Hutchinson & Bhandari, 1971). The identifying characteristics 
of mudslides are noted in Table 3.7 and Figure 3.10. Numerous studies 
have been undertaken examining these features (Campbell, 1966; Crandell 
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Identifying characteristics of mudslides After Brunsden, 1985 
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1962). Previously cited examples from other sites in Great Britain 
confirm the identification of mudslides. Coastal mudslides developed 
on Beltinge Cliff, Herne Bay, Kent, in London Clay (Hutchinson, 1970) 
and on the steep coastal slopes of Minnis North, County Antrim, 
Northern Ireland (Craig, 1979,1981; Hutchinson et al., 1974; Prior, 
1975; Prior & Stephens, 1972; Prior et al., 1971; Whalley et al., 
1984) (Fig. 3.11) are similar to those in Purbeck. These are 
particularly active features during wet seasons with clearly defined 
bowl, track and accumulation zones. 
Air photographs show mudslides mantling large sections of the coastal 
cliffs between Worbarrow Tout and Durdle Door. Indeed, many slopes 
owe almost their entire surface morphology to these features. Mudslides 
are mostly found in the Wealden Beds, varying in size between those 
which extend from the crest to the toe of the slope and others which, 
having developed as secondary processes to other failures such as 
rotational slips, are much smaller. Other rock units, the Upper 
Greensand, for example, also support mudslides. This is seen on the 
eastern flank of Lulworth Cove and at Worbarrow Bay for example. 
Both between and within site variations in mudslide activity can be 
distinguished from the air photographs. At Stair Hole, for example, 
(Plate 3.3), the-movement of five mudslides appears to be interrelated 
(Fig. 3.12). The main slide ('A' Fig. 3.12) is relatively straight 
and its movement appears to be independent. Those slides immediately 
west of this ('B' and 'C', Fig. 3.12) appear to interact. One displays 
restricted movement while the other is particularly active. A similar 
pattern is seen on the eastern flank of the main slide. Thus it 
appears that increased movement along one track restricts sliding 
along the adjacent feature. 
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Mudslide characteristics at Minnis North, 
Northern Ireland After Craig, 1979 
NOTE: Material frequen. tly blocks the coast road 
during active periods when movement shunts 
large amounts of debris down the track 
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PLATE 3.3 
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By studying images of different dates an increase in mudslide activity 
resulting in extensive modification of the cliff line can be seen at 
Durdle Door between 1953 and 1969, requiring the relocation of the 
footpath linking the beach and cliff top. A similar pattern is present 
at Stair Hole but with particularly rapid movement since 1960. New 
mudslides developed on the eastern shore of Lulworth Cove between 
1968 and 1974, while activity on the western flank of the Cove appears 
to have decreased since the 1960s, suggested by an increasing veget- 
ation cover and reduction in the surface area of the toe lobes. 
Overall therefore, mudslide movement patterns suggest that there is 
no identifiable trend for the whole coastline but that individual 
features demonstrate site specific characteristics. 
The mass movements so far identified are all present in the Wealden 
Beds, Upper Greensand and Gault. Other types of feature may be present 
within these materials but cannot be distinguished from available 
photographic cover. A field mapping programme was therefore required. 
Within the Cretaceous Chalk and Jurassic rocks other processes can be 
recognised. Mass movements in such hard, bri; t. tle materials, are usually 
identified by the orientation, spacing and dip of discontinuities. 
Only occasionally does material become detached by fracture of the 
intact rock (Whalley, 1984). 
Rocks sliding on two intersecting discontinuities are termed 'Wedge' 
failures (Hoek, 1973). They can be identified from various character- 
istics. Two discontinuities intersect forming a 'V' and it is along 
this plane that failure will occur (Fig. 3.13), giving the rock face 
a notched or serrated appearance. Failure usually smooths the 







Wedge of Unstable 
Material Moving out 
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Discontinuity pattern required for the 
development of wedge failures 
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moving over the other. Finally, wedge failures usually occur where 
the line of angle of intersection of planes bounding the detached 
block dip towards the rock face at a lower angle than that of the 
rock face itself. The process is common and can be identified on 
most rock slopes (Hoek et al., 1973). As well as the larger rockfalls 
studied by Hutchinson (1971) in Upper Chalk at Joss Bay, Isle of 
Thanet, the Chalk also shows evidence of wedge failure in the form of 
individual blocks. In the Isle of Purbeck wedge failures can be most 
easily identified from oblique photography. They are present in the 
Portland Limestone between Dungy Head and Worbarrow Bay. The orient- 
ation of the critical discontinuities changes from east to west. In 
the east, where one set of joints strike approximately north-south and 
another east-west,. the resulting wedges are square to the coastline. 
In the west the important joints swing north-east/south-west and 
north-west/south-east. The resulting wedges are oblique to the coast. 
This is apparent between Lulworth Cove and Stair Hole. Detached 
blocks vary in size from those sufficiently large to produce major 
variations in the overall cliff line to others which cannot be ident- 
ified from air photographs. 
Toppling failures occur when the centre of gravity of a unit of rock 
overhangs a pivot point within the unit. (De Freitas & Watters, 1973; 
Hoek & Bray, 1981). They can be identified from a number of charact- 
eristics. Bedding usually dips steeply within a simple rock mass, 
uniform in stratigraphy and containing only three or four sets of 
equally important discontinuities oriented to give thin, overhanging 
blocks of rock (Fig. 3.14). In coastal areas, marine erosion usually 
triggers the toppling mechanism by undermining the toe of the slope. 




Discontinuity pattern required for the development 
of toppling failures 
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slipping takes place. Many toppling failures have been recognised 
in the landscape (De Freitas, 1972; Watters, 1972), confirming the 
presence of this mechanism in the Isle of Purbeck. The Carboniferous 
Culm Measures (Edmonds et al., 1969) of Gowlish Cliff, Bideford Bay, 
Devon, are similar to cliffs in the Isle of Purbeck. Bedding strikes 
almost parallel to the sea, dipping steeply into the slope and dividing 
the rock mass into slender inclined plates. The upper part of the 
cliff overhangs the critical basal blocks which have been loosened by 
marine erosion. Two distinct zones of movement include a region of 
sliding at the toe of the cliff along an inclined surface and an area 
of toppling columns. The Precambrian Moine Series (Pheminster, 1960) 
of Glen Phean, South Inverness-shire, is also prone to toppling. 
Bedding dips at approximately 800 into the slope and two major sets 
of near vertical joints are well developed. Two areas of movement 
occur, one of translational sliding at the toe of the slope and another 
of steeply dipping rectangular plates which topple into the valley, 
following detachment from bedding and joint surfaces. 
Topples in the Isle of Purbeck are only identifiable from oblique air 
photographs since discontinuity patterns cannot be sufficiently well 
studied from other cover. The only location where topples can be 
clearly seen is within the Portland Limestone at Durdle Door. At other 
locations the dip of bedding is not steep enough for this mechanism 
to operate. Some of the scars at Durdle Door are fresh, suggesting 
recent movements which have left overhangs and indentations while 
others are highly weathered and are gradually being covered by 
vegetation. 
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Rockslides involve a discontinuous assemblage of rock units with 
movement across a flat plane (Young, 1972). They have a number of 
identifying characteristics. Incoherent rock material covers the 
cliff within clearly defined boundaries and movement appears to be 
superficial with rock debris supported on the cliff. After the 
initial development of a rockslide, downslope movement occurs 
gradually with a wide distribution of clast sizes due to the break- 
down of cohesive forces within the rock mass. Previously cited 
examples confirm the identification of these features in the Isle of 
Purbeck. De Freitas & Watters (1973), for example, note the existence 
of an old rockslide in Shales at the Blaenrhondda in the upper part 
of the Rhondda valley. Its surface features suggest that it has 
developed about a non-circular sliding surface, producing a disturbed 
zone with rib-marks on the back face of the slip. In the Isle of 
Purbeck rockslides can be identified from similar features shown on 
vertical and oblique photography. They are found in Chalk but not 
Portland Limestone, are parabolic in plan narrowing towards the top 
of the slope and widening at the toe. Each varies in its surface 
area. Some cover the complete cliff while others are smaller and more 
confined. All rockslides have their base at the foot of the cliff. 
The current activity of each feature can be established from its 
surface morphology. Some rockslides are vegetation free and include 
much fresh material suggesting recent movement. Others are more stable 
showing signs of weathering and vegetation regeneration. Frequently 
one slip scar develops within another, indicating differences in 
activity within individual rockslides. 
By comparing photographs of different dates, rockslide development can 
be traced. A sequence of photographs (Plate 3.4) of Lulworth Cove 
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PLATE 3.4a 








Rockslide development in the Chalk at Lulworth Cove: 1955 
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highlights this, with one particular feature (Fig. 3.15) developing 
as follows: 
(i) 1936; no evidence of rockslide 
(ii) 1946; development of small parabolic slip at the toe 
(iii) 1951; widening and headward extension of slip/rockslide 
(iv) 1955; further lateral expansion and headward extension of 
rockslide 
(v) 1969; decreasing activity and initial signs of vegetation 
growth 
(vi) 1974; rockslide movement negligible with extensive vegetation 
regeneration. 
Although by studying topographic maps and air photographs geomorph- 
ological processes and interrelationships between mass movement and 
cliff retreat can be identified, a statement about the landforms 
which can be used as a satisfactory basis for the detailed geotechnical 
investigation and field monitoring. programme cannot be made. Ceomorph- 
ological mapping is therefore required. 
3.4 GEOMORPHOLOGICAL MAPPING 
In their most detailed form (Demek, 1972; Demek & Embleton, 1978) 
geomorphological maps provide information about landform genesis, age, 
lithology, structure and morphology (Coudie, 1981). The technique was 
used to supplement details extracted from topographic maps and air 
photographs, provide an outline of the complex ground movement patterns 
and establish the spatial distribution of the mass movements. The 
maps were also used as the base for designing suitable equipment 
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FIGURE 3.15 
Sketch diagram of a rockfall in the Chalk 
at Lulworth Cove 
NOTE: Refer to Plates 3.4a-e 
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photographs were used to define a set of general purpose mapping 
symbols (Table 3.8), based on systems defined by Gardiner and Dackombe 
(1983) and Cooke and Doornkamp (1974). 
The most recent editions of each Ordnance'Survey series were studied 
to identify the most suitable base maps for geomorphological mapping. 
A pilot study was conducted at Stair Hole to establish the optimum 
mapping scale. Three scales were tested, 1: 10 000 series 1959 edition 
(Fig. 3.16), 1: 2500 series 1969 edition (Fig. 3.17) and a 1: 1250 scale 
map prepared by photographic enlargement of the 1969 1: 2500 sheet 
(Fig. 3.18). It was decided to adopt 1: 2500 scale sheets for the 
main mapping phase. Smaller scales do not permit the recording of 
sufficient ground detail while at larger scales there is little 
increase in the amount of useful information which can be transferred 
from ground to paper. Also at scales larger than 1: 2500 the error 
resulting from the transfer of data from field slips to final maps is 
exaggerated to unacceptable proportions while at smaller scales the 
width of drawn lines on the maps is likely to be greater than the 
ground movements they represent. Savigear (1965), for example, noted 
that at scales smaller than 1: 2500 a mapped break of slope has a 
horizontal ground equivalent of at least 1.2 m. Finally use of 
1: 2500 scale sheets maintains continuity between the desk study and 
field investigation. 
Base maps were prepared by deleting the hachures and shading from the 
Ordnance Survey sheets. These merely portray a generalised represent- 
ation of detail. Early mapping techniques developed in this country 
by Waters (1958) and Savigear (1965) concentrate on identifying breaks 
of slope but the. maps presented here have been presented in accordance 
-156- 
TABLE 3.8 
Symbols used for geomorphological mapping 
Mudslide 
Rotational Block with Back Tilt 
Shallow Translational Slide 
Translating Block 
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Geomorphological map of Stair Hole at 1: 1250 scale 
NOTE: Refer to Table 3.8 for key 
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with a genetic-morphological technique (Klimaszewski, 1963,1968; 
Brunsden & Jones, 1.972). 
3.4.1 Field procedure 
Field implementation of the mapping programme followed a set procedure. 
Simple equipment was used due to the particularly friable and steep 
nature of the ground surface. Instruments included tape, compass 
clinometer and hand held Abney level. By initially walking over the 
ground surface the approximate interrelationships between features 
were established and the larger genetic forms sketched into approximate 
position on the base maps. Fixed datum points were located on stable 
ground and the current position of the crest of the slope established. 
Using the datum points, reference stakes were positioned in the area 
to be mapped at regularly spaced intervals. The larger geomorpholog- 
ical features were, accurately located on the base maps, smaller 
phenomena positioned and fine detail added to each sheet. In some 
places mapping was impossible due to poor accessibility and dense 
vegetation. Here photographic interpretation had to be used to 
supplement limited field information. 
3.4.2 Results 
The final map (Fig. 3.19) indicates a complex pattern of movements 
with interrelationships which do not appear from either topographic 
map or air photograph interpretation. Results will be discussed 
individually for 'hard' and 'soft' materials within the following 
framework: 
(i) Characteristics of each mass movement type. 
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(ii) Interrelationships between different forms. 
(iii) Identification of spatial patterns. 
(iv) Synthesis of the geomorphology and geology. 
This will form the base for the remainder of this thesis. 
3.4.2.1 Mass movement in soft rocks 
Rotational failures occur only at Worbarrow. Bay with geomorphological 
mapping highlighting a number of important details. Eight slips can 
be identified, each varying in size. The ponding of water is most 
common behind the larger blocks which also display the greatest degree 
of backtilting and possess the deepest slip surfaces. All but one of 
the rotational slides are in the Wealden Beds. An individual block 
of Upper Greensand is found towards the toe of the slope and the form 
of the adjacent ground suggests that this represents movement from a 
central point on the cliff astride the Upper Greensand/Chalk boundary. 
All the features in the Wealden Beds appear to have become detached 
from the slope crest and are in various stages of transit towards the 
toe. 
There are two groups of interrelated multiple rotational failures. 
Although the largest block is closest to the toe of the slope in each 
sequence, each set displays different characteristics. In one group 
three slips lie one behind the other. The leading feature is approach- 
ing the beach while the upper block appears to have been only recently 
detached from the stable ground. The leading edge of the upper 
rotational slide forms the abutting rear scar of the middle slip. 
This is separated from the lower block by a mudslide which is being 
supplied from three sources; the leading edge of the middle rotational 
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slip, the backtilted surface of the lower of the three features and 
secondary block disruption. The second sequence comprises two smaller 
adjacent rotational failures behind one feature of similar surface 
area. Two mudslides, running the length of the slope on either side 
of these rotational slips, are being supplied from the backtilted 
surface of the upper two features and surface wash from the rear scar 
of the unstable area. Midslides also feed from the leading edge of 
the basal rotational slip of both sequences onto the beach. They are 
active during the wet season when ground water levels are high and 
marine erosion is active, coalescing as they run out onto the beach 
to produce an apron of material. 
There are two categories of translational slip, large movements which 
warrant individual mapping, are uncommon and distributed throughout 
the area and blocks which litter the coastal cliffs but are too small 
to be individually recorded. Mapping shows that these are present 
only in the Wealden Beds with the larger examples occurring at Stair 
Hole and Lulworth. They are currently moving seaward with no appar- 
ent backtilting to the upper surface. The smaller translational 
failures cover large areas of the slopes but frequently occur at the 
crest of the cliff and are also seen around the flanks of many of the 
mudslides. 
Mudslides are one of the most common mass movements in the Isle of 
Purbeck. They occur. in the Wealden, Greensand and Gault. Geomorph- 
ological mapping shows that the size and plan form of the mudslides 
varies along the coast. Comparison of the morphometric details of 
different representative mudslides highlights this (Table 3.9). In 
some cases the direction of movement appears to be controlled by 
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TABLE 3.9 
riorphometric indices of representative mudslides along the 
Isle of Purbeck coast 
Slide Length (m) Width (m) Depth (m) D/L Ratio 
Durdle Door 60.2 6.3 0.7 0.012 
Stair Hole 78.0 14.9 1.35 0.017 
Mupe Bay 57.4 13.4 0.72 0.012 
Worbarrow Bay 48.4 10.1 1.03 0.021 
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lithology. This is most noticeable where a mudslide track runs parallel 
to bedding, at Durdle Door and Mupe Bay for example. Many of the 
mudslides have a simple elliptical plan form. Others are more complex 
with multiple sources feeding into one track. There are examples of 
this at Stair Hole, Lulworth Cove, Bacon Hole and Worbarrow Bay. Where 
multiple sources do coalesce to form one track, the material from each 
zone still moves downslope as an independently identifiable unit. 
Movement will be discussed in detail in chapter V. Geomorphological 
mapping highlights characteristics such as pressure ridges and shears, 
indicative of surges in movement. There is also evidence of signif- 
icant loading at the rear of the slopes, tension cracks across the 
mudslide surface and cavities along lateral shears which permit rapid 
entry of water to critical parts of the mudslide mass. The accumul- 
ation zones do not extend far out onto the beach. Once a lobe attempts 
to develop a shear plane on coarse sand or shingle the movement will 
be curtailed as pore pressures rapidly dissipate. 
Other mudslide characteristics highlighted by geomorphological mapping 
are site specific. Those on both sides of the Durdle Promontory lack 
headward bowls and are gradually leading to an overall lowering of the 
ground between the Chalk and Portland Limestone. Sheet wash is a 
significant denudational process with lateral shears acting as gullies. 
Rills also develop across exposed ground. The features on the western 
flank of the Wealden promontory appear to be better developed than 
those on the eastern side. This seems to be due to a variation in 
marine energy at the cliff foot. Maximum fetch and dominant wave 
direction are both to the south-west. The shelter afforded to the 
eastern flank of the Wealden outcrop by the remnant Portland Limestone 
cliff and submerged reef reduces marine erosion. East and west beach 
profiles also highlight these different high and low energy environ- 
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ments while the seasonality of activity at Durdle Door is indicated 
by the disruption of the path linking the beach and cliff top. Step 
risers have had' to be frequently replaced as movement distorts the 
path during winter months. 
Although small, the mudslides at Stair Hole are amongst the most 
complex in Purbeck. Ten can be identified, being sub-divided into two 
groups by a ridge of poorly cemented sandstone which contains traces 
of oil. Marine erosion is again important with the activity of each 
group of mudslides correlating with the size of breaches in the Portland 
limestone. A break of slope occurs at the toe of the mudslides where 
the Wealden is being shunted across the remnants of the Purbeck Beds. 
During particularly wet periods the mudslides move over this toe slope 
section in an almost liquid form. The remaining Purbeck acts as a 
retaining wall, restricting activity in the Wealden. A vegetated 
hollow on the western flank of Stair Hole provides evidence of a prev- 
iously active feeder which is currently displaying regeneration. The 
lateral shear can be identified from renewed movement around the edge 
of the relict slide. A lithological control on mudslide behaviour is 
evident. The eastern-most mudslide at Stair Hole has, for example, 
developed at the Purbeck/Wealden junction and is currently responsible 
for the evacuation of material from immediately behind the Purbeck. 
Springs also occur at the toe of the mudslides and play a dominant role 
in the liquefaction of material at the toe of the slope. 
At Lulworth Cove many of the mudslides are flat at their toe, rising 
steeply in their central section to level out at the rear of the cliff. 
The largest feature straddles the Wealden and Upper Greensand but the 
most active mudslide occurs at the junction of the Wealden and Purbeck. 
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Backfolding of the latter has resulted in failure along wet limestone 
bands. A number of limestone blocks collapsed into the Wealden from 
above and have since been moved downslope as part of the main mudslide 
mass, to be deposited at the seaward extremity of movement. Many of 
the fines have been removed leaving a boulder arc (Brunsden, 1984). 
One mudslide occurs entirely within the Purbeck Beds on the eastern 
side of Lulworth Cove. This is out of character with this rock unit 
and appears to be due to disruption of the ground surface resulting 
from clay extraction and brick production. Finally it is necessary to 
note the presence of underfit streams flowing into both sides of the 
Cove. These streams show small scale mass movement features along 
their flanks. 
Two sequences of mudslides occur at the western end of Worbarrow Bay, 
one at Mupe and another at Bacon Hole. Those at Bacon Hole are 
evolving in a similar manner to those at Stair Hole with part of the 
Purbeck remaining in-situ, inhibiting movement and producing a break 
of slope immediately behind the beach. Each mudslide has a simple 
plan form. At Mupe Bay mudslides have developed parallel to the strike 
of bedding. The width of each feature is determined by the spacing 
of cemented sandstone bands within this unit. Some are small, with 
little or no vegetation cover but high rates of movement while others 
are larger, well vegetated and less active. 
At Worbarrow itself the size of the mudslides is varied and many are 
covered with the debris of secondary block disruption. They are well 
distributed across the coastal cliffs and display varied stages of 
development. All have a relatively simple geometry and other than 
those discussed with the rotational slides act as independent features. 
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3.4.2.2 Mass movement in 'hard' rocks 
Geomorphological mapping does little to enhance the detail already 
presented of mass movements in the Portland Limestone and Chalk. 
Field measurements are restricted to recording the location of rock- 
fall scars. Topples, wedge failures and other block movements are 
best classified collectively as rockfalls. Rockslides merit separate 
consideration. 
The Chalk cliffs west of Durdle Door form the only completely bare 
Cretaceous exposure in the whole area. Notches at the base of these 
slopes represent a thrust fault which is being gradually widened, 
destabilising the overlying material. At other points cliffs in the 
Chalk are partially covered with vegetation. Rockfall scars at these 
locations suggest a randomly distributed pattern to the mass movements. 
All Portland Limestone cliffs are completely bare. Natural arches are 
present at Durdle Door and Stair Hole. At both points the slopes 
plunge directly into the sea. At Stair Hole the interior of each arch 
is completely hollow, -the internal cavity conforming to the external 
shape of the outcrop and assuming a parabolic form. These features 
are formed due to the discontinuity pattern and are discussed in detail 
in chapter VI. At the base of each feature solutional undercutting is 
currently active. The landward face of each arch is formed along 
bedding planes and therefore results in a smooth surface while the 
seaward facing side is jagged due to the intersection of joints. 
Between Dungy Head and Stair Hole a beach of limestone blocks skirts 
a composite cliff of Portland Sand and Limestone. Complete breaches 
of the limestone occur at Lulworth, Stair Hole, Worbarrow and St 
Oswald's Bay. However offshore rocks and a submerged reef remain, 
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indicating the line of the original Portland Limestone cliff. 
The geomorphological mapping of rockslides provides little additional 
information over and above that extracted from air photographs. The 
most active rockslide is at Worbarrow Bay and extends from the crest 
to the toe of the slope with a large apron of debris at its foot. 
Secondary sliding is currently occuring within the main slip scar due 
to variations in stability within the feature. Between Durdle Door 
and Dungy Read two rockslides have resulted in the development of 
large, arcuate, funnel shape hollows which extend back into the cliff 
face. These appear to be unique, unexplained phenomena and are resp- 
onsible for the runout of large amounts of material onto the beach. 
3.5 CONCLUSION 
The findings of the topographic map, air photograph and geomorphological 
map surveys highlight the association between geology and geomorphology. 
It is clear that much variation in detail occurs within the area in 
terms of slip mechanisms, surface morphology and toe conditions, for 
example. A landform pattern occurs as the geological units outcrop at 
different points in succession along the coast. Differences in 
failure mechanism produce variations in the rate of coastline retreat 
and there are close links between this, stratigraphy and structure. 
The shape of the coastline and many of the site specific characterist- 
ics can be explained by the geology, those processes identified by 
geomorphological mapping and the nature of the process response. The 
results of this preliminary survey form the base for much of this 
remaining work. 
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CHAPTER IV GEOTECHNICAL INVESTIGATIONS AND MATERIAL CLASSIFICATION 
4.1 INTRODUCTION 
f 
The geomorphological mapping programme (Chapter III) highlights the 
association between landforms, lithology and structure. A prerequisite 
to detailed slope stability analysis however is the preparation of a 
quantitative geotechnical base to complement the mapping and provide 
an assessment of the performance of individual rock units and their 
effects on landforms. The results can also be used to develop a rock 
mass classification (Attewell & Farmer, 1976; Selby, 1982) which may 
be fundamental in accounting for variations in landslide activity. 
The geomorphological mapping programme was used to identify the import- 
ant rock units and specific criteria were adopted to quantify both 
differences between and changes within these materials. 
The advantages gained by adopting this approach are numerous. There 
is no previously recorded information on the geotechnical properties 
of the materials in this area. The inferred relationships between 
rock type and landforms, identified in Chapter III, can be quantitatively 
defined. Previous studies, by Johnson and Walthall (1979), on the 
Longendale Landslides for example, note the importance of detailed 
geotechnical data, stating that without such information results are 
Geotechnical 
incomplete and somewhat speculative. k results provide some indication 
of appropriate slope stability models, can be used as a guide to the 
required technical specifications when choosing field instrumentation 
and also as a tool for predicting expected field data. The variation 
in material mechanical properties is also likely to be significant in 
accounting for the cause or particular mechanism of landslipping. 
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Finally, as Brown (1981) notes, "parameters used in stability analysis 
should be quantified whenever possible and Brunsden (1985) notes that 
"none of the main classifications currently in use concentrate on the 
fundamental problem of basing the scheme on the geotechnical charact- 
eristics and process mechanisms. Such a classification must be 
developed so that the schemes may be compatible with methods of 
stability analysis. " This classification attempts to do this. 
The important rock units were defined from the geomorphological 
mapping programme and as a result the Purbeck, Lower Greensand, Gault 
and Upper Greensand were not studied. The units do not appear to be 
important in determining cliff stability or landscape evolution because 
the extent of each outcrop is limited and in some places one or more 
of the units are absent. Frequently the outcrops are sufficiently 
narrow for their landforms to be controlled by adjacent rock units. 
The Portland Limestone, Wealden and Chalk have been included in the 
rock mass classification because the width of each outcrop is large and 
comprises much of the coastline. Since each rock unit forms extensive 
coastal cliffs they are instrumental in determining the development 
of the coastal cliffs and major mass movement phenomena have been 
identified in all three units. Generally speaking, Chalk is an 
effective barrier to erosion at Worbarrow Bay, Lulworth Cove, St 
Oswald's Bay and between Durdle Promontory and Bat's Head, the Wealden 
Beds are easily eroded and the cliffs in these materials are currently 
retreating at a rapid rate while the Portland Limestone forms steep. 
cliffs which inhibit marine erosion. 
4.2 FIELD SAMPLING AND ANALYSIS TECHNIQUES 
The parameters chosen as the basis for the rock mass classification 
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fall into two groups. Some can be measured in each rock unit. These 
include rock strength, density and porosity. Others are important to 
either hard or soft rocks. For the Portland Limestone and Chalk, the 
discontinuity pattern and the fine structure of the material are 
important. For the Wealden Beds, the index properties and particle 
size distribution are significant. For each rock type details will be 
given of the field sampling framework, the significance of the test 
parameters and reasons for their inclusion in this classification, 
the test techniques used to obtain the data, details of sample prepar- 
ation and test procedure, and sources of error. Finally the results 
will be presented. 
4.2.1 The Wealden Beds 
4.2.1.1 Sampling Framework 
The choice of sampling points was based on various criteria. The 
requirements of the field instrumentation programme (discussed in 
chapter V) were borne in mind. Results were also required for each 
slope analysed by stability analysis. Consequently material was 
extracted at Durdle Door, Stair Hole, Worbarrow Bay and Mupe Bay. 
These sites and the location of within-site sample points were ident- 
ified by geomorphological mapping as best representing overall site 
conditions. Samples were taken from approximately the centre of the 
sliding mass to avoid both marine effects at the toe and the influence 
of recently detached, unweathered blocks of material at the rear of the 
slope. Material was discarded to a depth of 15 cm to minimise surface 
effects such as weathering, vegetation growth and trampling. Suffic- 
ient material was extracted at each location using standard procedures 
for all required tests. First, a trench was dug leaving a rectangular 
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block of material of approximately 1 m3. Then a purpose built cutting 
tool and cheese wire were used to sever the base of the block. Using 
a sharp knife, slices of material were removed to reduce the block 
dimensions to 30 cm x 30 cm and 50 cm. Care had to be taken to 
minimise sample distortion due to the drag of the knife over the 
material surface. The remaining block was covered in cheese cloth and 
placed within a tin marked to indicate sample orientation, before final 
basal detachment and removal from its in-situ position. Melted wax 
was poured between the cloth and tin wall to minimise loss of moisture 
and sample disturbance during transit. Finally an air tight seal was 
applied around the lid. To remove test pieces in the laboratory the 
tin was peeled away using snips and the muslin drawn back to remove 
the wax. Triaxial test pieces were taken from the centre of the block 
to reduce the influence of edge softening. These were subsequently 
re-used to obtain residual strength values. Other samples were taken 
from the remaining material making sure not to include clay previously 
in contact with the muslin during transit. 
4.2.1.2 Analysis Techniques 
Standard analysis techniques were used (Table 4.1). A number of 
specific points require discussion. 
Particle Size Analysis was considered important because of its 
influence on permeability, material strength (Rowe, 1962) and therefore 
overall slope stability. Variations within the Wealden (discussed in 
chapter II) significantly alter the material and the shear strength. 
A high sand content increases friction while a large clay fraction 
results in greater cohesion. As these vary, the importance of other 
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change. Samples were taken at a number of points (Figure 4.1) using 
guidelines proposed by BS812 (1975a) and five tests were conducted at 
each site. Care was taken to minimise the error which might arise due 
to the misinterpretation of site characteristics resulting from 
inaccurate sample collection and particle modification during sample 
preparation. It has been shown, for example, that stirring can break 
down illite and montmorillonite particles (Vickers, 1983). Disturb- 
ance during sedimentation was also considered, since this can have a, 
marked influence on the reported finer particle sizes. Results are 
presented as semi-logarithmic particle size distribution curves, 
derived from results, showing to the nearest 17, the percentage by 
mass both passing through each sieve used and determined from sediment- 
ation using Stoke's law. Typical results for materials susceptible to 
mass movement are presented in Figure 4.2. 
Atterberg limits are considered significant to the rock classification 
because their comparison with field moisture content may provide some 
indication of the degree of landslip activity (Lambe & Whitman, 1979). 
Landslipping has previously been associated with medium plasticity 
materials having liquid limit values of 50-90 (Skempton & Hutchinson, 
1969), and an attempt has therefore been made to comparethe results 
for the Isle of Purbeck with other research. Index properties can 
also be related to soil mineralogy, particularly particle size and 
surface area parameters (Hammel et al., 1983), water absorption 
(Figure 4.3), engineering properties including shrinkage, compress- 
ibility, permeability and strength (Sowers, 1969) and angle of internal 
friction (Kenney, 1959) and shear strength (Osterman, 1959). The 
Atterberg limits were obtained for each field sample. When determining 
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FIGURE 4.2 
Typical particle size distribution curves 
for deposits susceptable to mass movement % After Kenney, 1984 
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minimum of two 'thread' tests conducted on each test piece. When 
determining the Liquid Limit, using the Casagrande Apparatus, tests 
were conducted such that the distribution of moisture contents varied 
over a range of 10 to 50 cup blows. A minimum of five points were 
established for each sample. Two samples were oven dried to establish 
a mean moisture content for a given number of blows. 
Errors are known to occur in the measurement of Atterberg limits which 
are arbitrary and conducted on remoulded samples. Consequently the 
results are not characteristic of the natural fabric and reflect 
inherent properties only. As such they have to be interpreted with 
care. Inaccuracies are, however, mostly due to operator technique 
(Casagrande, 1958). Tests were repeated when two values were found to 
be greater than + 5%. Results are presented in tabular form with 
classification based on the plasticity characteristics. Previously 
determined index values for typical clay samples are shown in Table 4.2. 
Bulk Density forms part of the classification because it is 
considered a fundamental property by engineers and geologists for 
describing soils and rocks (Attewell & Farmer, 1976; Kenney, 1984). 
It is a measure of the material packing and consequently influences 
other relevant parameters including infiltration rate, permeability, 
porosity, moisture content, and strength characteristics. Samples were 
collected using cylindrical aluminium tubes 38 mm in diameter. Each 
tube was lightly oiled to reduce wall friction and resulting sample 
distortion. Three cores were taken from each sample point (Figure 4.1) 
and following extrusion in the laboratory each was divided to give two 
results. The mean of Bulk Density was established at each site. Both 
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protection and to minimise moisture loss. Although these precaution- 
ary measures were taken, some compaction occurred during both sample 
extraction and extrusion. Badly deformed cores were discarded. 
Comparison during sampling of the material inside the tube and the 
surrounding undisturbed surface allowed a compaction correction factor 
to be applied. The matrix of some cores was visibly unrepresentative 
of average site conditions. Such samples were also discarded. 
Results are presented in tabular form. Previously determined bulk 
density values for typical samples are shown in Table 4.3. 
Shear strength forms a major classification parameter because it is 
the one intrinsic material property upon which deformation and strain 
rate are directly dependent and upon which all other variables within 
the material mass have an influence. Shear strength can be measured 
in all materials. Consequently the Wealden, Portland and Chalk can 
be directly compared. In addition these data are required for slope 
stability analysis (Janbu, 1973). Strength determination was conducted 
in two stages. First, field measurements were made in an attempt to 
identify major spatial variations. Following this, detailed laborat- 
ory testing was conducted of samples extracted from critical points 
identifed from field measurement. 
The Shear Vane was used to determine strength in the field so that 
large amounts of field data could be easily collected giving a three- 
dimensional network of strength values across and through landslides. 
Points for material removal for laboratory analysis were quantitatively 
defined using this technique since broad changes in material strength 
were rapidly identified. Although the results give a relatively poor 
guide to actual strength values because of the limitations of the 
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TABLE 4.3 
Typical bulk density values for different clays 
MATERIAL BULK DENSITY SOURCE 
London Clay 16.7 - 17.6 kNi 
3 Hutchinson (1970) 
Lias Clay 17.55 kNm 3 Prior & Stephens (1972) 
Oligocene Clay 2.0 gcm 3 Prior (1973) 
Jurassic Clay 1.85 gcm 3 Prior & Renwick (1980) 
Eocene Clay 1.86 gcm 3 Prior & Renwick (1980) 
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method, inaccuracies remain constant between tests permitting compar- 
ison of results. 
At each site (Figure 4.1) a set procedure was adopted. One long and 
a central cross-slide profile were marked out using 30 m tapes. Vane 
tests were conducted at 5m intervals along each profile. At each 
point vertical readings were taken at 10 cm intervals from 20 cm below 
the ground surface to a depth of 50 cm. Five strength profiles were 
measured at each location and the results averaged in an attempt to 
minimise site and operator inaccuracies. In all instances the smallest 
vane blade of dimensions 16 mm x 32 mm was used. 
A number of problems should be noted in the interpretation of the 
results. The technique is a very crude measure of undrained strength 
and consequently results are likely to be in error by as much as + 20% 
(Sowers & Royster, 1978). Stones frequently prevented the measurement 
of a complete strength profile. In some cases it is thought that large 
clasts caught the blade edge permitting completion of the test but 
resulting in spurious values. Such readings were discarded. At Durdle 
Door testing was impossible. At many points the blade could not be 
pushed into the ground without extensive site disturbance and none of 
the vanes were able to shear the material accurately. The overall 
results are also likely to include instrument inaccuracies, including 
varying frictional effects along the vane shaft at different depths 
and edge effects around the perimeter of the blade (Aas, 1965). Also 
strength variations arising from testing at different times cannot be 
controlled. Finally, recommendations suggest tests should be performed 
with the top of the vane blades at least 0.5 m below the ground surface 
(Vickers, 1983). This was clearly impractical in this instance. 
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Results are presented in kN m 
2, both in plan form giving details of 
overall site conditions and as profiles of vertical change. Shear 
Vane results provided useful information but greater accuracy was 
required for stability analysis. Laboratory tests were therefore 
utilised to supply additional results. It was felt that comparisons 
between sites could then be made with greater confidence and that the 
slope stability calculations could be made with greater accuracy. For 
these purposes details of both peak and residual strengths were deter- 
mined under controlled conditions. 
A standard Wykeham Farrance type Triaxial Cell was used to determine 
peak strength. The sampling framework has been previously described 
(section 2.2.1). Test pieces 38 mm in diameter and 76 mm long were 
prepared in accordance with standard techniques (BS1377,1975; Bishop 
& Henkel, 1962). Three cores were extruded from each field sample. 
Different constant horizontal stresses (03) were applied and each 
time the vertical stress (al) was increased to failure. The horizont- 
al stress was applied via de-aired water through a constant pressure 
mercury pot system. Tests were conducted at a constant speed of 0.015 
mm min 
on 
consolidated undrained specimens. Porewater pressure changes 
were monitored during strain. This permitted the use of shear strength 
in terms of effective stress in the stability analysis making it 
possible to simulate conditions during slope movements. Laboratory 
measurement of porewater pressure was felt to justify undrained rather 
than drained tests. Error had to be minimised from three main sources: 
unrepresentative test pieces due to material variability, poor reprod- 
uction of field conditions arising from the incorrect choice of test 
parameters and equipment errors which are common using this technique. 
Results are presented as plots of deviatoric stress (Ql - 03) against 
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axial strain (At- to) and failure stresses are shown by the Mohr's 
Circle technique (Carson, 1971; Whalley, 1976; Lambe & Whitman, 1979). 
Some typical results from Weald clay samples are presented in Figure 
4.4. 
It was important to derive values for the minimum or residual shear 
strength from each samplc. The Ring Shear apparatus was used to do 
this. Residual strength is particularly relevant to mass movement in 
renewed landsliding where shearing has already taken place (Morgenstern 
et al., 1977). Tests were conducted using a Wykeham Farrance type 
Bromhead Ring Shear apparatus. The results plot as standard stress- 
strain curves with a 'peak' residual value and an ensuing decrease in 
strength. The peak residual value was taken as the critical parameter, 
since Skempton (1969; 1970) notes that "in first time slides the 
failure may be explained by the uniform mobilization of a fully 
softened strength which corresponds closely to the peak strength of 
normally-consolidated remoulded samples". Standard test procedure was 
followed using samples tested by the Triaxial Cell technique thus 
maintaining a close association between peak and residual strength 
values. All samples were prepared using guidelines specified for 
Index Property determination (BS1377; 1975) and test specimens were 
moulded into the annular cavity leaving a convex upper surface to 
compensate for material displacement during the application of normal 
loads. Samples were tested at a speed of 0.0960 min 
1 
to permit 
dissipation of generated porewater pressures but applied normal loads 
were varied depending on local site conditions. Three errors were 
identified. The displacements necessary to achieve particle orient- 
ation (Skempton, 1964) and associated residual strength values were 
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Occasionally movement occurred across the sample and top platen without 
shearing the test specimen itself. The results from such tests were 
discarded. Finally some difficulty has been noted in the past (Bishop 
et al., 1971) with the correlation of residual strength values and 
field observations, particularly when the depth to the slip surface 
is small. Results are presented as plots of stress against strain and 
failure shear stress against normal effective stress. 
4.2.2 Portland Limestone and Chalk 
4.2.2.1 Sampling Framework 
The choice of sampling points was based on a number of criteria. A 
sufficient number of locations had to be chosen to establish spatial 
variations in the mechanical properties of the materials. Preliminary 
field testing was used to provide quantitative identification of 
locations requiring more detailed study. Geomorphological mapping 
identified cliffs of varying height, susceptible to different types of 
failure and the sampling framework was designed to account for differ- 
ences in these characteristics. - Samples also had to be removed from 
in-situ. Consequently extraction points had to be accessible and the 
block size suitable for removal. Sampling points were distributed 
throughout the area (Figure 4.5). The blocks chosen at each location 
provided material representative of the surrounding outcrop. Each 
sample was removed along intersecting discontinuities using a hammer 
and chisel and the orientation of each piece was recorded to permit 
specimen preparation and testing relative to the field disposition. 
Test pieces were prepared by removing the weathering rind to eliminate 
the effects of surface strength reduction. A minimum of three test 
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six specimens per site. The preparation involved cutting to specific 
geometries with a diamond edged circular saw and squaring up faces to 
+ O. 5mm with a precision toolroom grinder. 
4.2.2.2 Analysis Techniques 
Many parameters were quantified using standard analysis techniques 
(Table 4.4). Some specific points require discussion. 
Bulk Density and Porosity are highly correlated (Brown, 1981) and are 
both a measure of the inter-particle spaces in the rock fabric. The 
presence of pores decreases strength, increases deformability and 
is consequently a guide to material mechanical performance and cliff 
stability. Many relevant details have been previously discussed 
(section 2.2.2). Tests were conducted using the liquid saturation 
and calliper technique (Carter & Matthews, 1977) applied to regularly 
shaped machined samples. The samples were saturated under vacuum for 
a minimum of 24 hours and in all cases to constant weight conditions. 
Two major sources of error are thought to have been responsible for 
anomalous results. First, microfissures alter bulk density. Where 
this was thought likely, Dynamic Young's Modulus values were used to 
confirm the anomaly. Secondly, the weighing of saturated samples 
involves moisture loss. A standard procedure was adopted to minimise 
these variations but some error is still likely to have arisen from 
different sample dimensions and surface areas. Results are presented 
in tabular form. 
Although rock strength seems such an obvious factor in landform devel- 
opment, few people have attempted quantitative tests to elucidate this 
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cliff stability in the Chalk and Portland Limestone. For the purpose 
of this study it has to be considered in three contexts, the intact 
rock strength, or peak strength, which provides a useful comparative 
tool, the influence of discontinuities on strength since they reduce 
material competence and the effects of other parameters which signif- 
icantly alter material strength, such as saturation. 
The Schmidt hammer was used to determine material strength in the 
field. A relationship has previously been established between the 
Schmidt Hardness number and material compressive strength (Day, 1980; 
treib, 1958) and, when used here, the technique is analogous to the 
use of the Shear Vane for soft rocks. Large field data sets can be 
collected over a short period of time providing a better indication 
of the variability of the rock than might be achieved by more subject- 
ive methods. The data was used to identify points for detailed labor- 
atory testing. Standard procedure was adopted (Brown, 1981; Day & 
Coudie, 1977; Hucka, 1965) with tests being conducted on smooth flat 
surfaces away from discontinuities (Figure 4.5). The Schmidt Hammer 
was held at 900 to the rock surface for testing. When this resulted 
in inclination away from the horizontal a correction factor was applied 
to account for the gravitational influence on the hammer mass. Two 
hundred measurements were taken at each site, the upper and lower 
quartiles were discarded and the remaining results averaged to give a 
mean rebound value. A constant, the product of the rebound number and 
dry unit weight of the material (Bienaiwski, 1973), was used to convert 
the results into compressive strength data. Some errors were encount- 
ered during this work. At sea-level, marine erosion made it difficult 
to find the. required number of smooth flat test surfaces and there is 
only a 75% probability that laboratory values will lie within + 50% of 
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the strength determined by the Schmidt Hammer (Deere & Miller, 1966). 
Since the work was to be accompanied by a laboratory programme, however, 
these effects were not thought to invalidate the results. 
The Triaxial Hoek Cell was used to determine peak strength in the 
laboratory. The significance of this data has been previously discus- 
sed (section 2.2.2). Standard test procedure was adopted with 38 mm 
diameter cores being prepared using a diamond edged drill bit. Sample 
ends were ground to a tolerance of + 0.1% and tested at confining 
pressures (a3) of 15,30 and 60 MNm 
2. 
The axial load was applied 
incrementally via the hand pump normally used for bleeding the cell of 
air rather than by the motor drive. This permitted a much closer 
analysis of stress-strain relationships since readings of the latter 
could be taken at small constant increments of the former. A number 
of cores were discarded due to visible anomalies within the test pieces. 
Results are presented as graphs of deviatic stress (al - a3) against 
axial strain (AR, - Ro) and values of stress at failure drawn as riohr's 
circles. 
Although compressive strength is an important comparative tool, it is 
influenced by many factors. One of the most relevant of these to 
this study is marine erosion. In the past the quantification of such 
influences has been difficult for a number of reasons. For example, 
standard laboratory techniques result in sample destruction preventing 
retesting under different conditions. Consequently a major part of the 
rock classification included utilisation of the Grindosonic apparatus, 
new equipment capable of indirectly determining rock strength under' 
varying conditions. Hitherto this technique has not been used in 
geomorphology and engineering geology (Jones et al., 1983; Allison, 
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in press). Grindosonic utilises the principle that elasticity theory 
can be applied to rock masses (Attewell & Farmer, 1976; Selby, 1982), 
by directly measuring the fundamental vibration frequency of a rock 
sample of regular dimensions following shock excitation. Dynamic 
Young's Modulus and a variety of other parameters can be established. 
Since this technique has not been used for this purpose before, some 
discussion is required of the theory of Grindosonic testing, test 
piece constraints and equipment operation and laboratory procedure. 
The Grindosonic apparatus (Plate 4.1) utilises the principle that 
elasticity theory can be applied to rock masses and directly measures 
the fundamental vibration frequency of a rock mass of known dimensions 
following shock excitation. The measurement of elastic material 
properties can be calibrated to measure rock hardness and strength and 
as Cooks (1983) notes, "elasticity may be the single most important 
factor in determining the behaviour of rock when subjected to the 
processes of weathering". The device is an example of ultrasonic 
pulse velocity testing equipment (Neville, 1981) and analyses the 
transient vibration pattern of a rock specimen. Samples are struck to 
set up a mechanical vibration pattern rather than being subjected to 
continuous flexure. This pattern is converted to an electronic signal 
via either a piezo-electric detector held in contact with the test 
piece or a microphone placed directly beneath the sample. The signal 
is amplified by the apparatus before being fed to the instrument input 
and if it exceeds a predetermined minimum level required for analysis, 
the time of eight wave passes is measured (Figure 4.6). A short 
interval between striking the sample and measurement prevents the 
analysis of initial spurious wave patterns which have complex harmonics 
and occur when the test piece is initially struck. The lapsed time 
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PLATE 4.1 
















appears as a result in the equipment display panel and is known as the 
'r' value. The vibrating sample experiences damping relative to its 
elastic properties. The decay of a vibration pattern set up in a hard 
rigid test piece will take much longer than the same flexure in a 
soft material of similar dimensions. The result given by Grindosonic 
therefore constitutes a direct measure of sample rigidity or hardness. 
The natural frequency of vibration is determined by specimen shape, 
weight and density. By utilising these details together with the 
relevant 'r' value, Young's Modulus of Elasticity, Shear Modulus, 
Poisson's Ratio, Bulk Density, seismic velocity and a variety of other 
parameters can be determined. Additionally these properties can be 
measured as a function of variables such as temperature, degree of 
alteration, chemical saturation and weathering. 
Crindosonic testing relies on accurate sample preparation. The manu- 
facturer's specified guide lines were followed. Test pieces can be 
cut into a variety of shapes including bars, cylinders and disks. 
There are however nominal limits to sample dimensions. For bars, the 
length to thickness ratio should be greater than three and the width 
of the bar should be less than one third the length (Figure 4.7). 
Beyond these limits calculations gradually lose accuracy. Also 
variations in cross-sectional area and non-square edges cause sign- 
ificant changes in the vibration pattern. Grindosonic test pieces 
were carefully machined to a regular rectangular shape by cutting, 
approximately in the first instance, with a diamond saw and then by 
grinding plane faces using an engineering vice and precision toolroom 
grinder. Eleven test pieces were cut in the same direction relative 
to bedding, dried at 60°C to constant weight and left to cool in a 
dessicator. Tests were conducted with samples resting on a foam 
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FIGURE 4.7 
Fundamental flexural vibration of a square shaped bar 
TEST CONSTRAINTS: 
(i) Sample support has to be at minimum point of vibration, 
usually 1/5 bar length 
(ii) Vibration is in vertical plane. Detector must therefore 
be held in the centre of the horizontal face 
(iii) Sample length : thickness ratio must be greater than 1: 3 
(iv) Sample width : length ratio must be greater than 1: 3 
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rubber mat. The top face of each bar was struck at its central point 
using a thin circular glass rod and the piezo-electric detector was 
held in contact with the sample in the centre of one of the side faces. 
Sufficient material was removed from the field to study within site 
variability as well as between sample site differences. 
These tests make it possible to establish the accuracy of Grindosonic 
in determining Dynamic Young's Modulus as an indication of rock strength, 
the effects of marine saturation on material strength and therefore 
cliff stability within Portland Limestone and Chalk and the relation- 
ships between Dynamic Young's Modulus, compressive strength, Porosity 
and Dry Density. Data were obtained by conducting twenty 'r'-value 
tests on each sample. The spread of these results seldom varied by 
greater than + 0.5%. The mean value was used with details of sample 
geometry and mass to determine Dynamic Young's Modulus. The samples 
were then saturated (Carter & Matthews, 1977) and retested to determine 
changes in the 'r'-value. Saturation was conducted under vacuum over 
a minimum of 24 hours and thereafter to constant weight. Sample 
porosity and dry density were calculated and the results used to cal- 
culate values of Dynamic Young's Modulus for both dry and saturated 
materials. Thus it seems evident that both compressive strength and 
elasticity should receive careful consideration in landform analysis. 
Results are presented in tabular form, with discussion of the links 
between variables and the usefulness of Grindosonic as a new test 
technique. 
Since discontinuities largely determine the mechanical nature of rock 
masses, it is necessary to include them within the classification. 
These details are »sed in the slope stability analysis and therefore 
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require quantification. Data was collected by laying tapes parallel 
to and at 900 to bedding and taking readings along these base lines. 
Each discontinuity crossing the tape over a set distance determined 
by the frequency and complexity of the overall pattern was logged. 
A minimum of 100 discontinuities were recorded along each transect. 
Attempts were made to trace specific discontinuities along the outcrop 
and thus maintain some uniformity in results between sample sites. 
Recordings were also made of cliff face angles using an Abney level 
and total cliff height using Aneroid Barometers (Pugh, 1975). Where 
cliffs plunge directly into the sea admiralty charts were used in 
conjunction with a diving team in an attempt to establish total cliff 
height. Care was taken to minimise error from two main sources. 
Measurements at one point along a discontinuity requires careful choice 
of the position at which the reading is to be taken so as to obtain 
representative results (Terzaghi, 1965). Secondly, at some locations, 
access to important discontinuities, such as those at the base of the 
cliff, for example, was impossible. In these circumstances, joints 
oriented in a similar direction in different parts of the exposure 
were used as an indication of the characteristics of the required 
discontinuity. Data is presented as joint rosettes with more detailed 
analysis by equal area stereographic projection (see chapter VI) 
(Priest, 1985; Hoek & Bray, 1974; Phillips, 1971). 
4.3 FIELD TEST RESULTS 
The discussion of individual data sets is an important prerequisite to 
the defining of a rock classification. 
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4.3.1 Shear Vane 
Shear Vane results (Figure 4.8 a-c) show the Wealden Beds to be gener- 
ally of low strength, varying between 11.8 tm 
2 
and 1.9 tm 
2, 
with an 
average value of 6.65 tm 
2. 
These values change throughout the year, 
with strength decreasing during wetter winter months and increasing 
in summer. Often, when the ground is particularly dry, the material 
strength exceeds the capabilities of the Shear Vane. Mean long profile 
results demonstrate reduced material strength towards the toe of the 
mudslides, with differences between the upper and lower measurement 




and 0.24 tm 
2 
respectively. Readings taken at depths of 20 cm and 
50 cm at each site illustrate that this difference is greatest at 
depth: 
- Stair Hole; mean site difference between upper and lower measure- 
ment points = 1.76 tm 
2; difference at 20 cm = 1.92 tm 
2; 
difference at 50 cm = 2.88 tm 
2; 
- Mupe Bay; mean site difference between upper and lower measurement 
-2 -2 points = 4.4 tm ; difference at 20 cm - 0.9 tm ; difference at 
50 cm = 1.63 tm 
2; 
- Worbarrow Bay; mean site difference between upper and lower 
measurement points = 0.44 tm 
2; difference at 20 cm = 1.92 tm 
2; 
difference at 50 cm = 2.88 tm 
2. 
This change is likely to be due to surface effects such as standing 
water, trampling and root disruption. There is a general reflection 
of these results in other long-profile changes. 
The results recorded across each slide suggest that the material 
strength is reduced towards the centre of the mass. These variations 
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are greatest for the smaller slides. Possible reasons for this include 
friction effects or lateral drainage. Lateral drag, for example, will 
increase the mixing effect produced by slippage within the smaller 
features thus reducing strength by greater proportions than for 
material having moved similar distances in larger slides. For example, 
at Stair Hole the cross-section variations either side of the long- 
profile are 1.33 tm 
2 
and 1.46 tm 
2, 
while at Worbarrow Bay similar 
measurements have values of 5.24 tm 
2 
and 2.99 tm 
2. 
Although the 
accuracy of results is reduced where the slip surface and ground surface 
are close to each other, due to an inability to test at different 
depths, there is clearly an increase in shear strength at the base of 
the slide. This marks the interface between the mudslide and the 
underlying in-situ material. Consequently the Shear Vane can be 
deployed to determine the location of the mudslide slip surface. Used 
in conjunction with a ground survey these details can therefore define 
the subsurface morphology of the slides and thus the three-dimensional 
characteristics of the moving mass. 
The results indicate that, in general, variations in strength at 
different depths are greatest towards the centre of the slide. This 
has a number of important implications. Single site measurements, most 
representative of overall conditions, occur in the central section of 
mudslides where the influence of lateral shears is likely to be small. 
The change between peak and residual strength is a gradual process, 
dependent on distance and velocity of movement, mudslide morphology 
and various parameters including porewater pressure and moisture 
content. Consequently a characteristic strength depth profile 
(Brunsden, 1984) if indeed such a phenomenon exists, is likely to be 
present around the centre of the mudslide. These details are 
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particularly relevant to sample extraction, particularly for shear 
strength determination, since material removal from the wrong point 
may lead to misjudgement of critical strength values. The strength 
variations and the careful identification of sampling points based on 
the results will be critical to the successful application of stability 
analyses which depend heavily on material strength values. It also 
seems that the most successfully employed analysis technique will be 
that which estimates slope stability relative to a number of different 
strengths at points along the slip surface. 
The value of this preliminary investigation to the overall study is 
clear. The above general conclusions apply to all sites. However, 
site specific characteristics requiring individual discussion can also 
be identified. At Stair Hole variations in material strength can be 
explained by recourse to the geomorphological map. The increase in 
strength in the central section of the slide appears to be due to 
three factors, enhanced drainage evident by the lack of surface water 
when compared with other parts of the landslip and the development of 
rills along the lateral shears, the presence of large slipped blocks 
which are moving downslope within the mudslide mass and within which 
the higher shear strength values were recorded and the interaction of 
side feeders which meet the main track at this point. The low strength 
values towards the rear of the slide coincide with a highly saturated 
area thought to result partly from the movement of sub-surface water 
which issues as springs at the leading edge of the landslip area and 
partly because of the local geology which results in a partially 
enclosed bowl at the rear of the slip. At Worbarrow Bay the increase 
in strength at the toe of the slide appears to be due to enhanced 
drainage as the argillaceous material moves out over the beach deposits 
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permitting basal drainage. A similar but less pronounced trend occurs 
at Mupe Bay. 
These results therefore provide a good indication of shear strength. 
values, establishing broad trends and changes within the material and 
identifying points for material extraction. However, due to the 
previously discussed restrictions of this field technique, more 
accurate methods were utilised for the detailed development of a rock 
engineering classification and for the implementation of slope stab- 
ility analysis models. 
4.3.2 Schmidt Hammer 
Schmidt Hammer test sites (Figure 4.5) were located on all coastal 
exposures and at four inland quarries at Kimmeridge in the Portland 
Limestone and Ulwell, Currendon Farm and Stonehill Down in the Chalk. 
The spatial distribution of sample sites was chosen to examine both 
east-west and north-south trends across the Purbeck monocline. Dip 
and dip direction were recorded at Schmidt Hammer sites to examine the 
association of tho results with structure. Visual characteristics 
of the cliffs thought to indicate the rock strength were also noted 
including cliff height. Results (Figure 4.9) are presented as Schmidt 
Hammer rebound numbers since these are a direct measure of rock comp- 
ressive strength and can therefore be used to compare different 
exposures and different materials. 
4.3.2.1 Results for Chalk 
The Schmidt Hammer results for Chalk show two important trends. 
Firstly, there is a decrease in material strength from north to south 
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Isle of Purbeck at Ballard Down where rebound values drop from 32 to 
14 over a distance of less than 1 km. This pattern repeats itself at 
other points. For example, at the quarry sites rebound values drop 
from 28 to 18 across the structure and in western Purbeck there is a 
change in rebound hardness from 36 to 27. This variation is still 
recognisable despite the disappearance of a large section of the 
monocline and a consequent reduction in the width of exposure avail- 
able for measurement. However, it is a reasonable hypothesis that 
the north-south change present in eastern Purbeck would have also 
occurred across the once complete structure in the west. Secondly, 
rebound numbers generally decrease from east to west. Along the 
southern flank of the Chalk, for example, this change assumes the 
following trend: Ballard Down, mean rebound value = 32; Ulwell, mean 
rebound value = 28; Stonehill Down Quarry, mean rebound value = 27; 
Durdle Door, mean rebound value = 27. These results imply that in- 
situ compressive strength will be greatest in south-east Purbeck and 
that these cliffs will therefore be those most resistant to erosion 
and least susceptible to failure. In an attempt to examine this 
relationship more closely, details of cliff height and local structure 
were recorded at sampling points. These reveal two major trends. 
There is a close correlation between the angle of dip of bedding and 
in=situ compressive strength. High angles of dip are related to high 
Schmidt Hammer rebound values. For example, at Ballard Down where 
rebound values drop from 32 to 14 there is an accompanying decrease 
in the angle of dip of bedding from 64°N to 10°N, while across the 
inland Chalk ridge where rebound values drop from 28 to 18 bedding 
changes from 75°N to 10°N. In the west a reduced dip of 19° from 
74°N to 55°N accompanies a reduction in rebound hardness from 36 to 27. 
This suggests that variations in material strength are related to 
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the structure. Secondly, variations in cliff height follow an identi- 
fiable trend. For example, at Studland, cliffs 40 m high accompany a 
rebound value of 14, while at St Oswald's Bay, Chalk cliffs are 65 m 
high with an accompanying rebound hardness of 27. 
Thus, within the Chalk it appears that compressive strength variations 
follow an identifiable trend related'to the structural variations 
within the region. However, at this stage these conclusions are best 
presented as working hypotheses. More detailed analysis is required 
to confirm the findings. 
4.3.2.2 Results for Portland Limestone 
Similar procedures were followed for the Portland Limestone. Results 
demonstrate an absence of both north-south and east-west trends in 
compressive strength. For example, rebound values of 30 +2 occur at 
Seacombe, Winspit, Pondfield, Bacon Hole, Lulworth and Durdle Door. 
The absence of any regular spatial trend is highlighted by structural 
measurements. For example, a Schmidt Hammer rebound value of 31, was 
recorded at Winspit, Emmett's Hill and Bacon Hole with accompanying 
angles of dip of 0°, 5°N and 25°N respectively. However, while a 
regional trend remains obscure, some variations do merit individual 
discussion. The lowest rebound value of 35, recorded at Kimmeridge, 
is accompanied by a clear swing in the angle of dip of bedding from 
the north to north-east. However, site inspection shows this exposure 
to be highly jointed with small intact blocks relative to those at 
other locations. It is therefore likely that the reduction in strength 
is a function of the rock mass as a whole rather than intact compress- 
ive strength alone. Some speculation can be made here regarding 
coastline development (Allison, 1982; Arkell, 1947; Brunsden & Goudie, 
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1981; Burton, 1937; Jones et al., 1984; Jones et al., 1985; Strahan, 
1898,1932) and its link with material properties. The reduced 
strength at Stair Hole and Durdle Door may well explain the marine 
breaching of Portland Limestone at these points and subsequent coast- 
line development to the features present today. If this is the case, 
coastal erosion at Seacombe may eventually have the same result, 
although over a much greater time span due to the increased width of 
the Portland Limestone outcrop. The coastline at Seacombe today does 
in fact illustrate increased retreat relative to adjacent clifflines. 
High rebound values at Lulworth Cove (38) and Worbarrow Bay (46) would 
similarly support suggestions that these features have resulted from 
valley submergence and that marine action was not instrumental in the 
initiation of bay development. However, these details are circumstantial 
and at this stage and again it is impossible to do more than propose 
such a relationship as a working hypothesis. Also it may well be that 
regular spatial trends do exist within the Portland Limestone but that 
due to the variability of the Schmidt Hammer technique and the simil- 
arity of the results throughout the outcrop, significant trends are 
hidden by minor within-sample variations. Consequently it is necessary 
to conduct more detailed and accurate laboratory tests. 
In summary, a regional trend exists throughout the Chalk including a 
north-south and east--west change. Such a pattern does not seem to 
exist for the Portland Limestone. However, some proposals can be made 
linking material strength and the development of specific coastal 
landforms and it may be that important changes do exist which are 
masked by the variability in results associated with the technique. 
Nevertheless, use of the Schmidt Hammer does provide useful preliminary 
data and guidance for more detailed sample collection and analysis. 
-21 1- 
4.4 LABORATORY RESULTS FOR CHALK AND PORTLAND LIMESTONE 
Results to be discussed include bulk density, porosity, material 
strength, data obtained from the Crindosonic apparatus, and the 
preliminary discontinuity survey. 
4.4.1 Chalk Material Strength 
4.4.1.1 Hoek Cell Data 
Hoek Cell data was used to construct Mohr's Circles (Fig. 4.10) 
(Vickers, 1983; Lambe & Whitman, 1979). The results confirm variations 
in compressive strength identified by the Schmidt Hammer. Compressive 
strength decreases across the Chalk outcrop from north to south. This 
is clearly seen for example in the Mohr's circle for Studland, 
Currendon Farm and Stonehill Down. Similarly, an east-west trend can 
be identified. Although this is not as clear as the north-south 
variation, change can be seen by comparing results from different points. 
Both north-south and east-west changes are confirmed from stress: strain 
curves for data representing points across and along the Chalk outcrop 
(Fig. 4.11). 
Variations in the compressive strength of the Chalk have an association 
with the regional structure and in particular the change from steeply- 
dipping to flat-lying material in the different limbs of the Purbeck 
monocline. Material at Studland Bay has a yield strength of 14 MNm 
2 
at 
60 MPa confining pressure and exhibits a shallow dip of 10° while the 
Chalk at Currendon Farm, having a yield strength of 30 MNm 
2 
at 60 MPa 
confining pressure dips at 70-75° and Stonehill Down Chalk has a yield 
2 
strength of 123 MNm at 60 MPa confining pressure and exhibits a 
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The failure envelopes for each group of Mohr's circles provide details 
of other mechanical characteristics of the rock. There is a distinct 
difference in the envelope curve of hard chalk and softer material, 
representing a change in the deformation mechanism. At Stonehill Down 
the Chalk provides an example of brittle failure with little sample 
deformation before the yield strength is exceeded. Conversely, Studland 
Bay Chalk illustrates ductile failure, confirmed by the barreling of 
test specimens during compression. Consequently, weaker material in 
the flat-lying limb of the Purbeck monocline experiences deformation 
before fracture and from this it can be inferred that the in-situ 
material can distort without actually failing. In addition it can be 
concluded that material exhibiting brittle failure is fully consolid- 
ated, more resistant to erosion, stronger and consequently will form 
more stable cliffs of higher elevations. Material exhibiting ductile 
failure undergoes further consolidation upon application of the 
principal stress al, is consequently more susceptible to erosion, 
weaker and less capable of forming steep cliffs of high elevations. 
As well as providing details on material compressive strength and an 
approximate idea of cliff stability, these results can be used as a 
base for establishing the accuracy of the Grindosonic test. This is 
a prerequisite to including the data from this technique in the rock 
classification since the apparatus has not been used for this purpose 
before. 
4.4.1.2 Crindosonic Data 
Grindosonic Data (Table 4.5) from oven dried samples illustrates a 
similar trend to that described previously for Hoek Cell samples. 
Consequently detailed discussion of Dry Dynamic Young's Modulus values 
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TABLE 4.5 
Dynamic Young's Modulus results for Chalk 
Dry Saturated 
Dynamic Dynamic Modulus 
Sample and Site Young's Young's Difference 
Modulus Modulus kNmi 2 
kNmm 2 kNmm 2 
Studland 36.92 27.01 9.91 
Ballard Down 42.88 30.15 12.73 
Ulwell 52.53 46.28 6.25 
Currendon Farm 31.84 6.40 25.44 
Stonehill Down 44.09 42.01 2.08 
Arish Mell 48.05 44.07 3.95 
Lulworth Cove 37.58 24.10 13.57 
St Oswald's Bay 30.12 28.82 1.30 
4 
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would be merely to repeat previous conclusions. However, a number of 
additional observations can be made. Whilst variations in Dynamic 
Young's Modulus remain distinctive across the outcrop from north to 
south, east-west changes are much less pronounced suggesting that 
previous conclusions might be unfounded. However, this difference 
can be accounted for. Material compressive strength clearly varies 
with structure. Major changes in the former can be easily monitored 
from north to south across the Purbeck monocline due to the major 
structural change. From east to west samples were taken at points 
where the structural change is not sufficiently large, relative to 
result variability, to accurately explain variations in strength. For 
establishing high correlations with techniques such as the Schmidt 
Hammer test, many more sample points would be required in all parts of 
the structure. This was in part impossible due to a lack of exposures 
and in part unnecessary since the principal aim of the field survey 
was to provide a broad base upon which to conduct further tests. 
All Grindosonic samples were saturated and re-tested. In each instance 
this resulted in a decrease in Dynamic Young's Modulus and a corres- 
ponding reduction in material strength. The reduction in strength is 
not uniform between samples. For example, Lulworth Cove, representing 
typical conditions, exhibits a drop in Dynamic Young's Modulus from 
37.58 to 24.10 kNmm 
2 
following saturation. At Stonehill Down however 
the value only changed from 44.09 to 42.01 kNmm . Nevertheless, it 
2 
generally remains the case that the cliffs which display the highest 
material strength under dry conditions remain the most competent under 
saturation. The one exception to this is at Currendon Farm. However, 
it is thought that the modulus difference here is due to test error. 
For dry samples a length: width ratio of 1: 3 is required for obtaining 
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suitable results using the Crindosonic technique. With saturated 
samples it appears that this is unsuitable and that a greater length: 
width ratio is required. The tested example from Currendon Farm was 
close to the lower threshold required for testing. Along the Isle of 
Purbeck coast the effect of saturation on cliff material is critical 
in two respects. There is a decrease in material strength and there- 
fore reduced cliff stability. This reduction is greatest at the cliff 
toe where the material properties are most directly related to slope 
stability. 
The comparison of Dynamic Young's Modulus and Hoek Cell data can be 
used to confirm the accuracy of the Grindosonic technique. A linear 
regression of Dynamic Young's Modulus values and Compressive Yield 
Strength at 60 MPa (03) confining pressure (Fig. 4.12a) highlights the 
association between these two data sets and the accuracy of Grindosonic. 
4.4.2 Portland Limestone Material Strength 
4.4.2.1 Hoek Cell Data 
Hoek Cell results were drawn as Mohr's Circles of Stress and failure 
envelopes were constructed for each site. Results fall into four 
groups (Fig. 4.13). Firstly, the samples from Durdle Door exhibit the 
highest compressive strength, being the only location where yield 
strength at 60 MPa confining pressure (v3) exceeds 150 MNmm . Stair 
2 
Hole, Lulworth Cove, Worbarrow Tout and Emmett's Hill form a second 
group, all having high compressive strengths with failure stresses 
between 145-150 MNmm 
2 
at 60 MPa confining pressure. Thirdly, failure 
stresses between 100 and 125 HNmm 
2 
at MPa confining pressure occur 
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finally, at Winspit and Kimmeridge failure strength at 60 MPa confining 
pressure is less than 100 MNmm 
2. 
Although there is no regular east- 
west or north-south variation, these results do show trends which were 
not detected using the Schmidt Hammer. There is a clear increase in 
material strength to the west, evidenced by the results from Durdle 
Door, Stair Hole and Lulworth Cove. Lower compressive strength values 
tend to occur in the east at Winspit, Kimmeridge and Seacombe. 
Between these two extremes results vary. Measured compressive strength 
values at Tillywhim and Worbarrow are similar, for example. Changes in 
compressive strength can be linked to the structure. At Durdle Door 
bedding dips at almost 90° while at Winspit and Seacombe it is flat 
lying. In the intervening area, bedding changes from horizontal to 
vertical and, as expected, material strength also differs. The assoc- 
iation between structure and rock strength would therefore appear to 
be similar for Chalk and Portland Limestone, despite the differences 
between these two materials. 
There does therefore appear to be a pattern to the results, although in 
some places it is not clearly defined. This could be for one of three 
reasons. Regular variations in rock strength can only be identified 
at points where significant changes occur; the Hoek Cell is not capable 
of detecting the fine differences which exist between the eastern and 
western extremities of the Portland Limestone outcrop and within the 
central section of the Portland outcrop the material is not sufficient- 
ly uniform to prepare adequate test pieces. Due to the variability of 
the results, it is difficult to detect those which are anomolous. Some 
attempt to do this can be made by referring to the geomorphological 
maps and comparing observed values with associated landforms. This 
can also be achieved by comparing Hoek Cell compressive strength data 
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and Grindosonic Dynamic Young's Modulus values. The absence of these 
trends from the Schmidt Hammer data can be accounted for by differences 
in site fracture density. The joint bounded blocks to the west are 
small, while in the east they are much larger. Any change in strength 
as described above will therefore be difficult to determine using the 
in-situ technique, since a greater amount of impact energy will be 
lost to the more highly fractured rock masses, thus reducing the 
measured rebound values. 
4.4.2.2 Grindosonic Data 
Crindosonic results give important details, particularly on the change 
in material competence on saturation (Tables 4.6 - 4.8). All samples 
demonstrate a mean decrease in Dynamic Young's Modulus upon saturation, 
except those from Stair Hole. Here, dry and saturated Modulus values 
are so similar (+0.003017 saturation) that ib is unlikely that the 
difference is due to the presence of water within the sample, but 
different material properties. The modulus change upon saturation is 
greater at some sites than at others, indicating that any marine infl- 
uence on material strength is likely to vary along the coast (Table 
4.8). In addition, although Dynamic Young's Modulus and Compressive 
Strength values are, on the whole, greater for Portland Limestone than 
they are for Chalk, the highest values of the latter do exceed the 
lower values for the former, confirming tectonic hardening of the Chalk 
in this area, particularly in the steeper limb of the Purbeck monocline. 
Finally a plot of yield strength at 60 MPa confining pressure (a3) 
against Dynamic Young's Modulus (kNmm 72) (Fig. 4.12b) confirms the use 
of Grindosonic as defined by tests on Chalk samples. Portland Limestone 
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TABLE 4.6 
Dry Dynamic Young's Modulus results for Portland Limestone 












Tillywhim Cave 1 65.93 82.26 74.10 56.97 
Tillywhim Cave 2 38.81 40.87 39.84 
Seacombe 1 40.37 37.86 38.12 40.82 
Seacombe 2 42.84 42.19 42.52 
Winspit 1 41.04 40.77 40.91 39.78 
Winspit 2 40.77 36.51 38.64 
Emmetts Hill 1 66.76 118.07 92.42 79.38 
Emmetts Hill 2 69.03 63.64 66.34 
Kimmeridge 1 39.71 39.56 39.64 40.80 
Kimmeridge 2 41.35 42.57 41.96 
Pondfield 1 48.75 41.85 45.30 43.72 
Pondfield 2 41.95 42.32 42.14 
Worbarrow Tout 1 41.50 69.70 55.60 58.16 
Worbarrow Tout 2 61.06 60.38 60.72 
Bacon Hole 1 45.46 48.32 46.89 46.63 
Bacon Hole 2 47.69 45.03 46.36 
Fossil Forest 1 55.31 - 55.31 53.09 
Fossil Forest 2 54.62 47.09 50.86 
Lulworth 1 78.58 62.47 70.53 61.90 
Lulworth 2 52.43 54.11 53.27 
Stair Hole 1 49.90 50.64 50.27 51.35 
Stair Hole 2 44.34 60.52 52.43 
Durdle Door 1 61.08 58.07 59.58 59.23 
Durdle Door 2 60.00 57.75 58.88 
-223- 
TABLE 4.7 
Saturated Dynamic Young's Modulus results for Portland Limestone 
Test Piece Test Piece E- 1+2 Site 
Sample and Site One Two 2 Value 
(kNmm 2) (kNmm 2) (kNmm 2) 
Tillywhim Cave 1 65.29 80.21 72.75 54.91 
Tillywhim Cave 2 34.88 39.24 37.06 
Seacombe 1 34.25 33.07 33.66 33.17 
Seacombe 2 32.70 32.64 32.67 
Winspit 1 35.52 34.22 34.87 33.51 
Winspit 2 34.39 29.92 32.16 
Emmetts Hill 1 66.31 113.30 89.01 76.46 
Emmetts Hill 2 66.87 60.94 63.91 
Kimmeridge 1 36.50 36.43 36.47 38.09 
Kimmeridge 2 39.69 39.72 39.71 
Pondfield 1 39.24 37.93 38.59 38.70 
Pondfield 2 38.28 39.35 38.16 
Worbarrow Tout 1 38.27 63.50 50.89 54.79 
Worbarrow Tout 2 58.38 58.99 58.69 
Bacon Hole 1 39.46 42.87 41.17 
, 
39.67 
Bacon Hole 2 41.36 34.98 38.17 
Fossil Forest 1 48.58 - 48.58 48.18 
Fossil Forest 2 51.67 43.90 47.79 
Lulworth 1 67.48 59.87 63.68 56.94 
Lulworth 2 48.32 52.08 50.20 
Stair Hole 1 - 60.78 60.78 51.38 
Stair Hole 2 41.97 - 41.97 
Durdle Door 1 57.21 54.09 55.65 46.95 
Durdle Door 2 24.59 51.89 38.24 
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TABLE 4.8 










Modulus kNmm 2 
kNmm 2 
Tillywbim 56.97 55.16 1.81 
Seacombe 40.82 33.17 7.65 
Winspit 39.78 33.51 6.27 
Emmetts Hill 79.38 76.46 2.92 
Kimmeridge 40.80 38.09 2.71 
Pondfield 43.72 38.70 5.02 
Worbarrow Tout 58.16 54.79 3.37 
Bacon Hole 46.63 39.67 6.96 
Fossil Forest 53.09 48.18 4.91 
Lulworth Cove 61.90 56.94 4.96 
Stair. Hole 51.35 51.38 0.03 
Durdle Door 59.23 46.95 12.28 
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demonstrates a linear increase in material strength with reduced 
Dynamic Young's Modulus values. Overall moduli values are higher for 
Portland Limestone than they are for Chalk, with a corresponding 
increase in strength values. Scatter about the regression line is 
partly due to inaccurate sample preparation and also undetected 
sample-specific variations such as micro-cracks. There is a relation 
between Dynamic Young's Modulus and Compressive Strength results: 
Q=C. Emod (Eq. 4.1) 
where a= compressive strength 
C= constant = 6.505 
Emod = Dynamic Young's Modulus 
Progressively stronger materials therefore show an increase in Dynamic 
Young's Modulus of approximately 0.14 kNmm 
2 
per MPa. 
4.4.3 Porosity and Density 
Porosity and Dry Density data (Tables 4.9 & 4.10) are relevant to the 
rock classification since they are likely to reflect resistance to 
erosion and provide an indication of cliff stability. 
Porosity values have a recognisable spatial distribution. For Chalk 
this is similar to the variation seen in material compressive strength 
and Dynamic Young's Modulus. Higher porosities are found in the flat 
lying limb of the Purbeck Monocline where material strength is low. 
Thus there is a clearly identifiable north-south variation in porosity 
and an east-west trend, although the latter is less pronounced. Similar 
conclusions can be made for Portland Limestone. There is a tendency 
for samples taken at the western end of the outcrop to have low 
porosities while those extracted to the east display high values. 
-226- 
TABLE 4.9 
Porosity and Dry Density results for Chalk 
Sample Site Porosity Dry Density 
iy) (Scm 3) 
Studland 9.82 2.317 
Ballard Down 10.17 2.317 
Ulwell 14.62 2.128 
Currendon Farm 8.86 2.404 
Stonehill Down 14.08 2.291 
Arish Mell 7.50 2.462 
Lulworth Cove 12.08 2.284 
St Oswald's Bay 9.13 2.327 
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TABLE 4.10 
Porosity and Dry Density results for Portland Limestone 
Sample Site Porosity Dry Density 
i%) (gcm 3) 
Tillywhim 9.86 2.35 
Seacombe 7.69 2.39 
Winspit 10.12 2.27 
Emmetts Hill 3.72 2.57 
Kimmeridge 8.84 2.32 
Pondfield 9.96 2.35 
Worbarrow Tout 2.31 2.79 
Bacon Hole 6.66 2.42 
Fossil Forest 7.19 2.40 
Lulworth Cove 2.51 2.58 
Stair Hole 1.80 3.19 
Durdle Door 3.59 2.57 
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There is, however some variation about this trend. Samples from Durdle 
Door and Emmetts Hill, for example, have porosities of 3.59% and 3.72% 
respectively, while Stair Hole and Tillywhim values are 3.19% and 9.86%. 
As would be expected, there is an inverse linear relationship between 
porosity and dry density. The range of dry density values is much 
greater for Chalk, however than it is for Portland Limestone, although 
this is to be expected from the different mineralogical characteristics 
of the materials. Plots of dry density (gcm 
3) 
against porosity (7) 
for Chalk and Portland Limestone (Figure 4.14) show the expectedly 
close association of these two parameters and that variations between 
porosity and dry density are noticeably different between these two 
materials. This is reflected in the different gradients of the two 
regression lines, indicating a greater change in the porosity of the 
Chalk than there is for Portland Limestone for an equivalent drop in 
density. These results also suggest that although dry density and 
porosity have seldom been regarded as important indices, they are 
useful material parameters and ought to be considered as part of a 
rock classification. 
The pattern of these results prompted correlations between porosity 
and Dynamic Young's Modulus (Figures 4.15 a-b). Two separate regress- 
ions suggest an inversely proportional curvilinear relationship for. 
Chalk with low porosities exhibiting large Dynamic Young's Moduli and 
an inversely proportional linear relationship for Portland Limestone, 
with the material exhibiting low porosity values and correspondingly 
high Dynamic Young's Moduli when compared with the Chalk. Although the 
initial assumption from this is that each material demonstrates a 
different relationship between porosity and strength, both sets of 
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ý=m- (1/b)LnEmod (Eq. 4.2) 
where ý= Porosity 
Emod = Dynamic Young's Modulus 
m=)( 68.48 
) constant ( 
b=)(0.0633 
This more fundamental plot (Figure 4.15c) suggests that not only does 
a relationship exist between Porosity and Density but that these are 
also closely associated with Dynamic Young's Modulus and Compressive 
Strength for these carbonate based sedimentary rocks. Porosity and 
dry density are therefore of fundamental importance to a rock class- 
ification. 
4.4.4 Investigation of Material Microstructure 
Since rock microstructure has a significant effect on all parameters 
important to rock classification and because there are important changes 
in these parameters throughout the Isle of Purbeck, it is clearly 
important to consider the fine structure of the materials. A Scanning 
Electron Microscope was used to do this. Compressive strength tests 
were used to identify samples likely to indicate important differences 
in microstructure and test pieces were also chosen to study changes 
across the Purbeck Monocline in both flat-lying, steep and intermediate 
sections of the structure. Grindosonic test pieces were used to 
obtain specimens permitting correlation with Dynamic Young's Modulus 
Values. Hoek Cell specimens were unsuitable for examination due to 
microfabric adjustment during compression. Chips from the centre of 
each rectangular block were mounted on perspex plinths and coated in 
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platinum. Micrographs were taken at varying magnifications to identify 
the important characteristics. 
Chalk was examined from Studland Bay, Currendon Farm and Stonehill Down. 
A sample taken from Pegwell Bay, Kent, was also studied as a compar- 
ative standard. The standard sample displays a microfabric typical of 
Chalk (Plate 4.2) (Melville & Freshney, 1982; Meigh & Early, 1957; 
Carter & Mallard, 1974) including large open pore spaces within the 
rock, no visible evidence of cementation or other inter-particle 
bonding and an absence of between-particle re-crystallisation. 
Studland Bay Chalk (Plate 4.3) displays similar characteristics to 
the standard sample with open pore spaces, and an absence of cement- 
ation and re-crystallisation. Currendon Farm Chalk (Plate 4.4) shows 
a number of differences. Although pore spaces can be clearly seen 
their size is slightly reduced and there is evidence of partial re- 
crystallisation and cementation due to precipitation of material within 
the voids. These factors result in a denser structure of visibly lower 
porosity. Stonehill Down Chalk (Plate 4.5) displays a distinct absence 
of pore spaces between the rock-forming minerals with extensive cement- 
ation, re-crystallisation and a particulatly dense structure and low 
porosity. The differences between the Stonehill Down and standard 
Chalk micrographs are quite distinct. It can therefore be concluded 
that there is a distinct north-south change in the microfabric of Isle 
of Purbeck Chalk and that this both conforms to the structural change 
associated with the Purbeck monocline and confirms variations in 
material properties, including porosity and dry density. Changes in 
compressive strength between sample sites can also be accounted for. 
Higher yield strengths accompany greater cementation, increased 
re-crystallisation and reduced porosity. Similarly changes in the 
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Micrograph of Chalk at Stonehill Down 
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pattern of failure can be explained. Samples displaying greater pore- 
space exhibit Mohr's Circles and envelopes indicative of material 
compaction and the closing of voids during pre-test consolidation and 
the application of the axial load. Highly cemented samples on the 
other hand, display failure envelopes characteristic of hard brittle 
non-ductile materials. These detailed observations provide information 
on the engineering performance of the Chalk which are of importance 
to the rock classification. Previous schemes have seldom considered 
material microstructure and it is likely that important details have 
frequently passed undetected. 
Portland Limestone samples were similarly examined under the electron 
microscope. Despite micrograph variations between sites there is no 
evidence to suggest that the differences significantly influence 
material competence and cliff stability. Micrographs from Durdle Door 
(Plate 4.6) and Winspit (rlate 4.7) highlight this, for example. Changes 
in the available pore-space and the significance of critical parameters 
such as cementation do not appear to be as important for this material 
as they are for Chalk. A number of conclusions can be made. Changes 
in the microfabric of Portland Limestone do not appear to relate to 
the local or regional structure or significantly influence the geo- 
technical characteristics of the materials. Where significant diff- 
erences are identified they occur between different stratigraphic 
members of the Portland Limestone unit. At this scale variations can 
be identified both in the field and by routine laboratory analysis. 
Recourse to micro-fabric investigation is not necessary. Thus the 
main controls on material competence and cliff stability vary between 
rock types. For Chalk, the microstructure is clearly important while 
for the Portland Limestone it remains small and probably insignificant. 
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Micrograph of Portland Limestone at Winspit 
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4.4.5 Discontinuity Analysis 
A preliminary discontinuity survey was undertaken since fracture 
patterns are critical to cliff stability. The structure of the Isle 
of Purbeck has a proven association with material properties. Since 
discontinuities are a component of the structure it is therefore . 
necessary to consider them here. Fractures also influence material 
properties, including compressive strength, porosity and density and 
will therefore exert a control on other parameters used in the class- 
ification. It is finally worth noting that it is standard practice to 
consider jointing in rock classifications (Bienawaski, 1973; Jaeger & 
Cook, 1979; Selby, 1980; 1982). 
At each location where samples were extracted for laboratory analysis, 
the discontinuity pattern was recorded. Fifteen readings were taken 
at each site, on surfaces taken to be representative of overall site 
conditions. Results were studied to identify discontinuity changes 
between sample sites and the likely effects of these changes on the 
cliffline. Results will be considered in three stages: data collected 
from the Chalk outcrop, data collected from the Portland Limestone and 
a synthesis of the results to outline general trends in the context of 
the rock classification. 
4.4.5.1 Discontinuities in the Chalk 
The structural features in the Isle of Purbeck Chalk are so complex 
(Bevan, 1985) that bedding alone was recorded. This approach was taken 
because bedding can be used to locate an exposure relative to the 
overall structure and it is the only repeatedly recognisable discontin- 
uity set between sample sites. Other. structural characteristics are 
likely to be localised, preventing the analysis of failures by standard 
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models which rely on structural characteristics which traverse the 
region. Joints, particularly their orientation and density, are highly 
complex. It is impossible to identify groups of discontinuities 
trending in a similar direction. In some instances faults appear to 
play an equally dominant role in controlling cliff stability as 
fractures. Such complexities can be identified in all Chalk exposures. 
For example, between Bat's Head and Dungy Head the chalk is riven by 
shears, thrusts and slide planes (Arkell, 1947) whilst fracture cleavage 
is present at Lulworth Cove and Arish Mell. The Ballard Down fault, 
described as 'unique' and 'one of the most extraordinary faults in the 
British Isles' (Arkell, 1947) adds considerable complexity to the Chalk 
cliffs at Studland. Other structural faces, including flint nodules and 
stylolites, are small but agglomerate at specific points, as flint bands 
for example, and are bound to influence the mechanical behaviour of the 
cliff. Consequently, it was deemed impossible to assess the importance 
of different structural characteristics by the techniques available to 
this study. Nevertheless, the orientation of bedding can be used to 
identify change and does highlight two important characteristics. 
Firstly, the dip of bedding increases from south to north from the hor- 
izontal to an almost vertical position. This can be traced across the 
outcrop from the measurements taken at Studland, Ballard Down and 
Ulwell, Currendon Farm and Stonehill Down. Secondly, the dip of bedding 
in the Chalk coastal cliffs west of Worbarrow Tout is attributable to 
the steep northernlimb of the fold. Changes in the dip angle between 
exposures are the consequence of different rates of marine truncation 
of the Purbeck monocline. Bedding is steepest where the removal of 
material has been most rapid. For example, at Worbarrow Bay the dip of 
bedding varies between 60°- 70°N, at Lulworth Cove it has a mean angle 
of 74°N while at Studland it drops to around 55°N. 
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4.4.5.2 Discontinuities in the Portland Limestone 
The Portland Limestone is structurally less complex than the Chalk. 
Although there are a number of stratigraphic sub-divisions within the 
unit, the Building Stone series was clearly identified as the unit 
requiring sampling. This unit is the dominant part of the stratigraphy 
throughout the region and appears to control the major rockfalls from 
many of the coastal cliffs. The Building Stone is present at sea level 
and the material at the base of any cliff is of principal importance 
in determining overall slope stability. Computer modelling (chapter 
VI) also requires details of the discontinuity pattern at the toe of 
the slope. Those parameters present in the Chalk which prevented 
detailed discontinuity analysis are absent in the Portland Limestone 
and distinct groups of fractures can be recognised. Fifteen readings 
were taken for each set on surfaces representative of overall site 
conditions. The results were plotted as joint rosettes (Figure 4.16a-1) 
to give a comparative indication of dip and dip direction. The 
diagrams yield much important information not only for the rock class- 
ification but also as a pilot study for more detailed data collection. 
Four major sets of discontinuities can be identified: 
(i) Bedding 
In the west at Tillywhim, Seacombe and Winspit bedding is horizontal. 
At the remaining coastal outcrops bedding dips in a northerly direction. 
At Emmetts Hill the dip is almost exactly to the north, with some var- 
Tation between 3500 - 0100. At Pondfieid and Worbarrow Tout a north- 
north west trend is distinctive while at Bacon Hole and Fossil Forest 
the results show-a swing from west to east of north and results at 
Lulworth Cove and Stair Hole demonstrate a north-north easterly trend. 
Finally, Durdle Door displays a slight easterly trend but the dominance 
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of this is reduced, probably because of the particularly steep angle 
of dip. 
The angle of dip increases from east to west. At Tillywhim, Seacombe 
and Winspit bedding is flat-lying while at Emmetts Hill the dip angle 
is small, around 5°N. This gradually increases to between 25°- 35°N 
between Pondfield and Fossil Forest, and 36°- 400 at Lulworth and 
Stair Hole. At Durdle Door there is a sharp rise to 83°- 85°N. 
Similar values were also recorded at Dungy Head where a small Portland 
Limestone exposure exists. As the angle of dip increases there is an 
accompanying increase in the variability of dip direction around the 
north point. This is illustrated by the increased dispersion on the 
joint rosettes. ' Measurements taken inland at Kimmeridge indicate much 
greater variability. in the direction of bedding. Few of the discont- 
inuities have direction close to north, with many lying either in a 
north-east or north-west direction and with a mean dip to bedding of 
approximately 32°N. This is the only site to display such a variation. 
(ii) Easterly Joints 
These show similar characteristics to bedding with some variation in 
direction but no distinct pattern to the change, although there does 
seem to be a greater regularity in the east. The angle of dip remains 
reasonably constant, and although the dominant dip direction is always 
close to 090° there is a change in the incidence of fractures trending 
north-east and south-east. For example, at Seacombe they are almost 
completely absent, at Winspit they are dominantly to the south-east 
and at Lulworth the north-east, while at Pondfield they seem well 
distributed in all directions. 
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(iii) Westerly Joints 
These in many ways reflect the pattern identified in the easterly 
discontinuities but with a number of exceptions. Joint rosettes 
indicate that when their dip direction trends away from 2700 west, the 
shift is mirrored by the easterly discontinuities. For example, at 
Stair Hole north-westerly joints have an accompanying south-easterly 
set, while at Tillywhim south-westerly discontinuities are associated 
with an opposite north-easterly group. While the dominant direction 
of easterly discontinuities remains close to 0900 this is not always 
the case for westerly fractures. Indeed in some cases, such as 
Bacon Hole, it can be difficult to differentiate between the two diff- 
erent joint groups. 
(iv) Southerly Joints 
These do not appear to be as dominant as the easterly or westerly 
discontinuity sets but nevertheless they play an important role in 
material stability. Their general characteristics are again much the 
same as for the other groups bar two exceptions. At Tillywhim and 
Bacon Hole, the influence of southerly discontinuities is suppressed by 
the similar direction of all three major joint sets, tending to result 
in one south-west and one south-east discontinuity group. Secondly, 
the dominance of any one particular direction of dip varies between 
sites, as is indicated by the joint rosettes but there does not appear 
to be any distinct pattern to this change. 
Clearly these sets of data will have important implications for material 
stability and therefore this engineering classification. Two specific 
points emerge. Although local site specific conditions are prevalent 
-255- 
in the Chalk, changes in the angle of dip of bedding can be used to 
identify variations in cliff stability. A similar effect will occur 
in the Portland Limestone, reflected in complete transformation from 
horizontal to vertical dip. Variation in the angle and direction of 
dip of the joints will affect the stability of the cliff both by 
altering the mechanisms of failure and also the size of individual 
blocks. For example, at Seacomhe, where bedding is flat and all joints 
are within + 100 of the cardinal points, the resulting blocks of 
material will be approximately rectangular and probably of similar 
size, while at Stair Hole, blocks are more likely to be wedges of 
varied shape and size due to the variation of the discontinuities 
around south-eastern and south-western points. As the discontinuity 
pattern and associated failure types change, so will the magnitude of 
the slope movements. In the east where bedding is flat and joints 
follow similar dip directions, failures are likely to involve large 
individual blocks. Where there is variation in the precise direction 
of one set of discontinuities at a specific site and where the joint 
pattern suggests the presence of wedge failures, movements will be 
likely to affect one key block and adjacent material. If bedding is 
particularly steep and joint direction highly varied the slope is 
likely to be affected by large movements of small blocks of material, 
which will affect large sections of the cliff as failures extend to 
adjacent blocks. These proposed differences will be studied in greater 
detail using slope stability models (chapter VI) but this brief review 
not only provides details of the importance of discontinuities to the 
rock classification but indicates how important detailed fracture 
analysis is to this study. 
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4.5 LABORATORY RESULTS FOR THE WEALDEN BEDS 
Many of the material properties studied in the Wealden Beds are sim- 
ilar to those examined in the Chalk and Portland Limestone. They 
include peak and residual strength, bulk density, particle size dist- 
ribution and the Atterberg Limits. These characteristics have been 
identified as being important to the classification of clays and soft 
shales (Attewell & Farmer, 1976; Lambe & Whitman, 1979; Underwood, 1967; 
Wagner, 1957). 
4.5.1 Wealden Material Strength 
Peak and residual strength tests were conducted using the equipment and 
procedure discussed previously (section 2.2.2). Both parameters are 
important, peak values being relevant to in-situ material which 
displays the potential for failure and residual values having applic- 
ation to current landslips. Test pieces were collected with 38 mm 
diameter 'UlOO' sample tubes. In some instances sample preparation was 
difficult due to the friable nature of the material, matrix disagg- 
regation during extrusion, textural differences within specimens and 
within-sample discontinuities. Some samples were not sufficiently 
uniform to be acceptable for testing. Under these circumstances 
further material was removed from the field sites. Difficulty also 
occurred due to constraints against unlimited sampling. All sites 
occur within an area of particular natural beauty, two of which are 
heavily frequented by visitors. A precondition of material extraction 
at these two localities was to compromise between the excessive digging 
of trial pits and the consequent visual deterioration caused by ground 
surface disruption. Many of the mudslides are small in their surface 
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area. Extensive material removal therefore had to be minimised to 
reduce the disruption of individual mudslide systems. Coupled with 
this, there are only a limited number of points at each location 
suitable for material extraction, due to the degree of lithological 
variability and need for uniform samples representative of overall 
site conditions. 
Triaxial cell specimens were consolidated until the attached 
burette used to measure pore water pressure reached a constant value. 
Tests were conducted by increasing the axial load to failure. The 
rate of applied strain was sufficiently slow to permit pore water 
pressure adjustment and therefore its accurate measurement during 
shear. Clear shear planes developed in all samples, running diagonally 
across the test piece, varying in angle, but usually cross-cutting 60% 
- 75% of the specimen. Each specimen also displayed barrelling. 
Following failure the samples were removed, remoulded and used to fill 
the annual cavity of the Ring Shear apparatus. Each test was preceded 
by specimen saturation and consolidation under a defined normal stress. 
Care was taken to ensure the complete dissipation of pore water 
pressure during testing. 
Due to the sandy nature of the material at Durdle Door it was impossible 
to adequately prepare undisturbed samples for Triaxial testing. Many 
of the test pieces showed disturbance arising either from field extr- 
action or core extrusion. Even when cores were successfully extracted 
they were found to crumble easily at the edges during preparation, both 
while trimming to the required length and following the emplacement of 
the rubber membrane. It was decided therefore that Triaxial tests 
would produce anomolous results and consqquently only Ring Shear tests 
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were conducted on material from this site. A number of points emerge 
from the resulting residual stress-strain curves (Figure 4.17) and the 
derived failure envelope (Figure 4.18) from these specimens. All 
samples rapidly reach residual strength, with constant strain for no 
increase in applied stress. Most test pieces display characteristics 
of normally consolidated materials, with stress-strain curves showing 
a steady rise and subsequent gradual levelling off to a 'constant 
stress' condition. Two sample curves suggest slightly overconsolidated 
conditions due to a reduction in shear stress following maximum values. 
This could, however, be due to the overcoming of interparticle friction 
with increasing strain and orientation of clay particles in the 
direction of shear. Despite these results being for residual conditions, 
a failure envelope initially suggests some cohesion is present as a 
component of material strength. However, testing at low normal effective 
stress values frequently suggests that failure envelopes are curved at 
their lower end (Bolton, 1979; Rowe et al., 1964) and that the extra- 
polation of any curve at low values of a1 has to be conducted with 
extreme care. These details seem to be relevant to many of the tests 
conducted as part of this geotechnical investigation. The effective 
angle of internal friction of the material at Durdle Door is approx- 
imately 28°. 
No serious difficulties were encountered in either obtaining or 
preparing suitable samples for testing at Stair Hole. Both Triaxial 
and Ring Shear tests were undertaken. Results from Triaxial testing 
(Figure 4.19) show a number of characteristics. Pore water pressure 
rises rapidly at the outset og testing, levelling off before failure, 
suggesting that maximum pore water pressure values are quickly reached. 
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appreciable strain, particularly at low confining pressures. Also at 
low confining pressures, failure is rapid in many specimens once the 
critical shear stress has been applied. Other samples display ductile 
failure with gradual strain as a response to increasing stress, to the 
point at which failure occurs. This is seen in sample SH(i)l for 
example. Mohr's circles of stress and the associated failure envelope 
suggests an effective angle of internal friction of approximately 280 . 
Stress-strain plots of data obtained from Ring Shear testing shows 
similar characteristics to the Peak Strength tests (Figure 4.20 - 
4.21). Failure envelopes show both reduced material strength for 
residual tests and also give a lower friction angle to the material of 
17°- 19°, assuming zero cohesion across the slip surface. 
Samples collected from Mupe Bay were all found to be adequate for 
testing both in Triaxial compression (Figure 4.22) and Ring Shear 
(Figure 4.23 - 4.24). Triaxial test pore water pressure characterist- 
ics are similar to those present at Stair Hole, rising rapidly and 
obtaining a constant value within 2% - 5% strain. For three samples 
there is a noticable reduction in these values, once the peak pressure 
has been reached. All stress-strain curves suggest that the samples 
show 'ductile' failure. Each curve can be identified as having the 
three characteristic zones of deformation attributed to elasto-plastic 
materials (Carson, 1971) with an elastic zone, areas of yielding and 
failure zone. This is borne out by the barrelling of specimens during 
testing. Mohr's circles of stress and a failure envelope fitted to 
the circles suggest that a major component of the material strength 
is due to cohesion and that effective angle of internal friction is 
approximately 26 - 27 
0. Stress-strain plots of Ring Shear data again 
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values do differ. However, as with Durdle Door, the failure envelope 
fitted to this data suggests an element of cohesion, although this is 
much reduced from its peak strength value. The angle of internal 
friction for the material remains similar, dropping by little more 
that 1° to between 25 - 26 
0 
Samples were successfully collected from Worbarrow Bay and Triaxial 
tests (Figure 4.25) and Ring Shear tests (Figures 4.26 and 4.27) cond- 
ucted. Pore water pressure values measured in Triaxial compression 
rise rapidly at the start of testing, reaching a constant value before 
failure occurs. Once the maximum porewater pressure is reached it is 
maintained throughout the remainder of the test. For samples WT(i)5 
and WT(i)4 this occurs within 8% - 10% of the strain while for sample 
WT(i)3 this occurs at 12% - 15% strain before failure. Stress-strain 
curves show little deformation before the critical shear stress 
required to produce failure is reached. This is similar to the samples 
at Stair Hole. The curves indicate semi-ductile materials at higher 
shear stresses, with one sample, WT(i)4 suggesting slight overconsol- 
idation. Other specimens do not display this characteristic. Mohr's 
Circles of stress and a failure envelope fitted to the circles suggest 
that cohesion is present within the test piece and the effective angle 
of internal friction is approximately 210. Stress-strain plots of 
Ring Shear Data (Figure 4.26) show characteristics similar to and 
previously discussed at other sites, with a gradual increase to the 
condition of constant strain for a given applied stress due to the 
development of the slip surface, accompanying reduction of cohesion and 
particle alignment. Assuming zero cohesion, a failure envelope can be 
drawn for these results which suggests a reduction in material effect- 
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Triaxial tests conducted on the Wealden Beds: Worbarrow Bay 
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comparing the failure envelopes obtained from both peak and residual 
tests a reduction in strength can be identified but this is not as 
large as it is at the other sites. 
Important points can be made from these results. The low friction 
angles and anomolous cohesion values at one site could well be accounted 
for by the nature of the tests. It has to be borne in mind that results 
are representative of critical conditions at failure. Consequently 
they cannot be directly related to the mean slope angles of in-situ, 
materials. These test results are not being used as a technique for 
estimating the stability of slopes. This requires the application of 
sophisticated stability models. The results are being used rather as 
part of a classification scheme and, as such, provide a useful means 
of drawing comparisons between different sites. Pore water pressure 
values are surprisingly similar at all sites although some small var- 
iation occurs both within and between sites. There is clearly a 
reduction in strength at all sites between peak and residual values, 
as is shown by the failure envelopes. Similarly, as expected, the 
effective angle of internal friction is reduced at residual strength. 
The suggested cohesive forces at Stair Hole (at peak strength), Hupe 
Bay and Durdle Door (at residual strength), are initially difficult to 
explain. It is likely however, that this is a consequence of the test 
procedure at low normal effective stress values (Bolton, 1979; Rowe 
et al., 1964), possibly instrument error and large clasts in the samples. 
4.5.2 Bulk Density 
A number of bulk density tests were conducted and the results averaged 
to give a mean value for each site (Table 4.11). Although the diff- 
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TABLE 4.11 
Results of sample Bulk Density determination 
Determined Bulk Densit y (gcm 
3) 
Sample Reference No 
Durdle Stair Nupe Worbarrow 
Door Hole Bay Bay 
BDI (i) 1.899 1.625 1.528 1.674 
BDI (ii) 1.974 1.513 1.826 1.702 
BDI (iii) - 1.605 - - 
x for Sample I 1.937 1.581 1.677 1.688 
BDII (1) 1.779 1.496 1.883 1.753 
BDII (ii) 1.953 1.477 1.823 1.748 
x for Sample II 1.866 1.487 1.853 1.751 
Paean Bulk Density Values 1.902 1.534 1.765 1.720 
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erence in the results between sites is small the variations are 
sufficient to alter the performance of the material (Selby, 1982). 
They also account for some of the site differences identified by the 
geomorphological mapping programme. For example, mudslide activity 
increases with decreasing bulk density and lower bulk densities are 
likely to exhibit higher moisture contents, greater percolation and 
higher water retention capacities. This, in part, explains the var- 
iation in mudslide activity between sites and the differing rates of 
movement (discussed in chapter V). Mapping highlights changes in 
mudslide morphology indicative of dryer conditions, slower rates of 
movement and therefore higher bulk densities. These include the 
prominence of reidel and lateral shears, the development of tension 
cracks and variations in the plan and surface area of the mudslides. 
At Durdle Door, for example, where bulk density is high, the slide 
surface is dry all year, the texture is sandy and movement appears to 
be very slow. At the other extreme, Stair Hole exhibits a low bulk 
density, has a higher clay/silt content, is wetter, particularly in the 
winter months and displays a greater intensity of mudsliding. Such 
variations are not visible between Worbarrow and Mupe Bays where bulk 
density values are similar. 
Since bulk density is the ratio of total soil mass to total volume it 
also provides an indication of the load bearing capacity of the 
material. This is particularly relevant to slope stability. Mosley 
(1977) noted a decrease in bulk density with increasing movement. 
Although this is disputed (Crozier, 1984) it is reflected in this study 
with the lowest bulk densities being associated with the most active 
slides. From these results it can be hypothesised that bulk density 
provides an indication of the stability of the material and is 
therefore of considerable importance to the rock classification. 
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4.5.3 Particle Size Distribution 
The particle size distribution was determined for each site. Five 
separate analyses were conducted at each point, giving a particle 
size distribution range. Although these demonstrate similar trends, 
with a degree of distribution range overlap between each site, each 
distribution curve displays site specific characteristics. The per- 
centage sand content is higher at Durdle Door than at the other 
locations. This confirms the indications of field mapping and in-situ 
testing, while also agreeing with other geotechnical characteristics 
such as the index properties. The greater size distribution range at 
Worbarrow Bay is thought to be due to variations in the stratigraphy. 
There are significant textural changes over small distances at this 
site. For example, the close interbedding of sandstones and clays is 
apparent. These results suggest that the careful location of sampling 
points is important, particularly where the fabric texture varies over 
short distances due to the complex stratigraphy. Each site size 
distribution shows a trend towards a predominance of either silt/clay 
or sand materials. At Durdle Door, for example, sand size particles 
predominate, while at Worbarrow Bay and Stair Hole the clay fraction 
becomes more important. The higher clay content at Stair Hole and 
Worbarrow Bay can, in part, account for the wetter ground conditions. 
Both sites have higher groundwater levels and greater pore water 
pressures than at Mupe Bay and Durdle Door. This also suggests less 
permeable materials at Stair Hole and Worbarrow (Figure 4.28). 
A number of preliminary conclusions can be made. By using the part- 
icle size ranges, the materials at each site can be classified relative 
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greater relevance than a precise definition of the material is the 
identification of boundaries from the size ranges which delimit an 
area representing the general site characteristics. Samples from 
Stair Hole, Mupe and Worbarrow are all silty. However, there is a 
clear trend from high sand contents to high clay contents from west 
to east. At Stair Hole the materials are silty loams and silty clay 
loams. The characteristics at Mupe Bay are similar but with evidence 
of a reduced sand content while at Worbarrow there is a trend towards 
silty clays. There is clearly similarity between these three sites 
but with gradual east-west change. The variability in the results at 
each site is most likely due to differences between the extracted 
samples, this in turn being due to complex stratigraphy. The material 
at Durdle Door is markedly different to that at the other sites. In 
the lower size ranges the distribution range curves show less variation, 
suggesting a more even distribution of finer grained materials through- 
out the matrix. The clay content, although slightly reduced, remains 
similar to the percentage clay at other sites but the silt content is 
considerably reduced and the sand content increased. Consequently 
the material is classified as a sandy loam. The importance of the 
particle size characteristics to overall material competence is 
likely to be greatest at Durdle Door since Lambe & Whitman (1979) 
have identified that the mechanical behaviour of an increasingly 
cohesionless soil can be related more directly to particle size. 
Holtz & Gibbs (1956) confirmed that slopes are likely to be increas- 
ingly stable with better graded particle size distributions. If this 
is the case and providing that the collective influence of other 
parameters does not overshadow the effects of the size distribution, 
those materials which plot closer to the centre of the classification 
graphs (Figure 4.29) are likely to be more stable than those occurring 
towards the extremities. 
\. 
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4.5.4 Atterberg Limits 
The Atterberg Limits are important (Lambe & Whitman, 1979; Taylor & 
Spears, 1981) since they provide details relating to slope stability 
and changes in the character of materials relative to their water 
content. A number of tests were conducted on each sample to deter- 
mine the Plastic and Liquid Limit for each site and the results were 
also used to calculate a number of other properties (Table 4.12). 
Plastic Limit values vary from 15.72 at Mupe Bay to 23.29 at Worbarrow. 
This distribution was unexpected and does not conform to variations in 
other parameters such as bulk density. However, it may be due to var- 
iability within the Wealden Beds, sampling and changes in the 
Plastic limit over small spatial distances. Results suggest that this 
latter factor is most marked at Stair Hole where the variation in the 
results is greatest. Conversely, results would suggest that material 
uniformity is greatest at Durdle Door. Low Plastic Limits at Stair 
Hole and Mupe Bay confirm other parameters, including particle size and 
bulk density, while also providing some explanation to changes in field 
conditions discussed in chapter V. Liquid Limit values are lowest at 
Mupe and greatest and Worbarrow Bay (Table 4.12). They also confirm 
particle size distributions since increases in the liquid limit also 
represent a higher clay fraction (Grim, 1962; Kenney, 1967). 
The importance of the Liquid and Plastic indices are best considered 
by their derivative, the Plasticity Index. This indicates that instab- 
ility is likely to be greatest at Worbarrow Bay, with slightly greater 
stability at Stair Hole and most stable conditions at Durdle Door and 
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sites. Field observations from geomorphological mapping (chapter II) 
support this hypothesis, although these observations would suggest a 
higher Plasticity Index at Mupe Bay. These results confirm field 
conditions however, and also particle size curves, with increasing 
clay contents at sites with higher plasticities. Similarly, as 
suggested by Osterman (1959), undrained shear strength decreases with 
increased plasticity. This is concluded by both laboratory test 
results, field observations and field monitoring (chapter V). Lambe 
& Whitman (1979), Skempton (1964) and Voight (1973) noted a decrease 
in angle of internal friction with increasing plasticity. Results for 
the Purbeck coastline follow this trend. 
By applying Casagrande's A-line theory (Casagrande, 1948) and the 
modifications by Wagner (1957) and Terzaghi & Peck (1967) additional 
observations relevant to material classification can be noted. 
Casagrande (1948) suggested the A-line (Figure 4.30) represents an 
important empirical boundary between inorganic soils (above A-line) 
and organic soils (below A-line). All sampled materials in the Isle 
of Purbeck appear to be inorganic clays. Skempton & Hutchinson (1969) 
reported that mudslides are usually in the medium plasticity class. 
However, in the Isle of Purbeck, including B and C lines on the diagram 
show (Wagner, 1957) the materials further sub-divide into two 
groups. Stair Hole and Worbarrow Bay samples appear as inorganic clays 
of high plasticity, while Durdle Door and Mupe Bay are inorganic sandy/ 
silty clays of low plasticity. 
The details provided by Index Property determination are clearly 
important not only because of the detail they provide but also because 
they confirm other measurements. It can be suggested that one of the 
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both in investigating individual sites and materials, in defining a 
rock classification and in providing a link between field mapping 
observations, laboratory testing and field monitoring. Overall the 
characteristics of the Wealden are so different from those of the 
Limestone and Chalk that it would be impossible to develop a class- 
ification relevant to all three materials. In addition, those prop- 
erties important to the stability of engineering soils are different 
to those relevant to hard rock masses. 
4.6 ROCK CLASSIFICATION 
Field and laboratory test results provide details of direct relevance 
to cliff stability and the coastal geomorphology of the Isle of Purbeck. 
It was decided to use the results of the materials testing programme 
to provide a clearer statement on the competence of each of the analysed 
stratigraphic units. A rock classification was used to do this for a 
number of reasons. Firstly, there is a recognisable trend towards 
quantification in engineering geology (Farmer, 1968; Beavis, 1985). 
Also such classifications are widely used (Muller, 1958; Pacher, 1958; 
Deere & Miller, 1966; Piteau, 1971; 1973; Robertson, 1971; Wickham 
et al., 1973; Bienaiwski, 1973; Barton et al., 1974; Dearman, 1976; 
Irfan & Dearman, 1978; Selby, 1980; 1982) as a tool for comparing 
different materials. Simple stratigraphic classifications have limited 
application and it is useful to develop a system with a more rigorous 
quantitative base (Farmer, 1968). A'rock classification therefore 
permits the amalgamation of different types of information into one 
statement on the material. This includes details of intact rock 
strength, characteristics of the total rock mass and both quantitative 
and semi-quantitative data. Laboratory results permit the identification 
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of variations in one data set and the comparison of different results. 
The use of a rock classification, however, is to adopt a combined app- 
roach by considering all measured properties together. The results 
show that it is difficult, using one set of values, to clearly identify 
potentially important variations due to the combination of small 
between-site differences and sample variability. However, the amal- 
gamation of a large number of parameters overcomes this problem. 
For successful classification it is obvious that the Wealden Beds 
should be considered separately from the Portland Limestone and Chalk, 
since one of the principal aims of the classification is to establish 
important variations within, rather than between, each rock type. 
4.6.1 Classification of the Chalk and Portland Limestone 
Many rock classifications exist because it is understandably difficult 
to define one system suitable to all conditions (Beavis, 1985). 
Usually a limited number of empirical parameters, thought to be 
particularly important, are used for the classification. For this 
study it was decided not to use a previously developed classification 
but to design a new one, centred upon the modification of previous 
schemes. This approach was taken for four reasons. Rock classific- 
ations are usually developed for specific purposes (Table 4.13) and 
as such are not necessarily applicable to this study. Three types of 
classification can be recognised for hard rocks; those considering the 
intact rock material, those considering the complete rock mass and 
those considering rock weathering. For this study it seemed most suit- 
able to use specific parameters from each of the above three classif- 
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parameters included in current classifications are clearly useful 
only when comparing either variations in rock type, different envir- 
onments or major changes within the rock mass. These are not relevant 
to this study since the results will demonstrate little or no change 
and therefore will not influence the result of the classification. 
Finally, previously developed classifications frequently ignore impor- 
tant rock characteristics. Cooks (1983) cites modulus of elasticity, 
for example, as a seldom used parameter. The system developed here was 
designed to take the most important parameters into account. 
The characteristics used in the classification were defined following 
an extensive literature survey of those systems currently in use, the 
reasons for their development and their application. This suggests 
that the details important to a classification of rock materials 
include petrography, including composition, texture, fabric and micro- 
discontinuities; homogeneity, inhomogeneity and isotropy, anisotropy; 
strength (one example presented-in Table 4.14) and modulus of elas- 
ticity sometimes expressed as the modulus ratio. (Deere, 1968). Sim- 
ilarly the details important to the classification of the rock mass 
include rock type; discontinuity patterns including differences between 
joints and bedding planes, the identification of sets and systems of 
fractures and the material weathering characteristics such as the rate 
and speed of widening along discontinuities. Finally, the details 
considered important to a classification of rock weathering are rock 
fabric characteristics, including porosity and bulk density which 
increase and decrease respectively as weathering takes place (Table 
4.15) (Fookes et al., 1971), rock strength and elasticity which are 
both considerably reduced on weathering and lead Iliev (1967) to 
propose a coefficient of weathering and fracture patterns, since 
-287- 
TABLE 4.14 
Basis for statement on rock compressive strength 
Test Result Rock Description 
> 50 MPa very high strength 
16 - 50 MMPa high strength 
5- 16 MPa medium strength 
1.6 -5 HPa low strength 
< 1.6 MPa very low strength 
-288- 
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weathering along discontinuities can lead to a change in the stability 
of the cliff. 
Many other parameters are used in specific classifications, but a 
general synopsis suggests that the above details are the most relevant 
and widely used. It is clear that there is a high degree of inter- 
relatedness between these three groups. This was a major factor in 
determining those variables to be included in the classification for 
this study. The parameters finally chosen can be identified from the 
discussion of the materials testing programme. However, it is necessary 
to justify their choice to the exclusion of other parameters. 
Compressive strength has previously been used in every classification 
and is an important property of both the rock material, rock mass and 
weathering. Material elasticity is similar in importance to compress- 
ive strength but is frequently omitted from classifications. For 
example, Beavis (1985) identified elasticity as an important but under- 
used parameter and Cooks (1983) proposed it as one of the most import- 
ant variables of rock quality. Modulus of elasticity values determined 
by the Grindosonic technique were consequently included in the class- 
ification. Porosity and density were included since they are relevant 
to both material strength and also weathering, and the orientation of 
discontinuities was chosen as this is a major parameter of the overall 
rock mass. It was decided to represent this by changes in bedding. 
Geomorphological mapping suggests that the dip of bedding is an accurate 
predictor of the influence of all structural characteristics. 
Other parameters utilised in past classifications were excluded because 
many are only relevant to the purposes for which they were originally 
developed. Those which only change significantly between different 
-290- 
materials or environments are not applicable to this study and some do 
not demonstrate any significant change within the Isle of Purbeck. 
The inclusion of these would serve no purpose in an attempt to define 
significant differences within this region. 
Following the identification of parameters to be used in the rock 
classification, each had to be divided into individual classes. This 
was achieved by considering previous classifications and bearing a 
number of points in mind. Classification results had to be combined 
in a graded scale. It was decided to adopt five classes, a number 
frequently used in other schemes. Values were to be arbitrarily but 
sensibly defined, such that higher numbers would represent an increas- 
ingly stable rock mass. Finally, it was borne in mind that the class- 
ification has been initially developed not to be applied universally 
but to complement this specific study. It is hoped that its wider 
application will be possible but further testing on other rock types 
is still required. The class divisions for each parameter are listed 
in Table 4.16. Previous classification systems suggest that not all 
parameters are of equal importance and that it is necessary to ascribe 
a numerical weighting to each (Selby, 1980; Wickam, 1972). The final 
rock mass strength is the sum of the weighted values determined for 
the individual parameters at each site. Results were re-evaluated 
using weightings similar to those proposed in previous classifications 
(Selby, 1980). The relative weightings for each of the classes are 
listed in Table 4.17. 
4.6.1.1 Application to the Chalk 
A number of conclusions can be drawn from the results of applying this 
classification to the Chalk (Table 4.18). There is a clear variation 
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Weightings used in the classification of the Chalk and Portland Limestone 
ROCK CLASS DESIGNATION 
PARAMETER 
V IV III II 
Compressive Strength 20 18 14 10 5 
Dynamic Young's Modulus 30 27 21 15 8 
Porosity 15 14 10 8 4 
Dry Density 15 13 11 7 4 
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in the competence of materials, with a range of rock classification 
parameters from 65 to 58. Classification by this technique tends to 
suppress the importance attached to particularly high or low results 
of individual parameters, presenting a more realistic overall picture 
of the total rock mass. The classification indices are relatively 
evenly spread between the maxima and minima values. Where results 
are similar the individual components of the rock classification index 
are different, indicating that the technique can differentiate between 
the relative importance of different specific parameters. Using 
weighted values has no influence on the rock index value for different 
sites, suggesting that the variation in one parameters between locations 
is accompanied by a corresponding change in the other variables. The 
results from the application of this rock classification therefore 
confirm previously proposed working hypotheses as to the overall com- 
petence of the Chalk. 
Rock indices are highest in the steeper parts of the Purbeck monocline. 
This might be considered a contradiction in terms in the light of the 
designated class divisions for the dip of bedding. tiowever, the sharp 
contrast in the individual classes for the other parameters has a 
counter effect on this. For example, the weighted rock mass index for 
Studland is 48 and for Arish Mell it is 65. Although some parameters 
could be considered interdependent, variation in the classification 
index illustrates their overall usefulness. For example, although a 
close correlation has been established between porosity and density 
the variations between the two values are sufficiently significant at 
Currendon Farm and Stonehill Down to place each of the results in 
different classes, thus influencing the overall classification value. 
While the classification takes some of the emphasis away from the 
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large variations in strength and its consequent influence, there 
clearly remains a major effect by this parameter, whether a weighting 
is ascribed to the values or not. Results suggest that considerable 
care has to be taken in using the classification to compare coastal 
and inland sites. All coastal exposures form steep cliffs from the 
crest of the slope to sea level. Inland sample sites are artificial 
in that they are man-made and are consequently subject to different 
processes, such as the absence of marine erosion. 
4.6.1.2 Application to the Portland Limestone 
The results of applying the classification to the Portland Limestone 
(Table 4.19) highlight a number of characteristics. Application of 
the rock classification can be made with greater confidence for the 
Portland Limestone than for the Chalk but there are two sites where 
complicating factors may be envisaged; Kimmeridge, a quarry where the 
outcrop runs inland between Gad Cliff and Chapman's Pool, and Emmett's 
Hill, where the Portland Limestone cliff is skirted by Portland Sand, 
the former protecting the latter from marine processes. Since there 
are a large number of Portland Limestone exposures, there is greater 
potential for studying changes in the material along the coast. Many 
of the general characteristics identified in the Chalk are also seen 
here. For example, particularly high or low values for individual 
tests are suppressed in the final classification due to the number of 
variables used to obtain the overall rating. The tendancy to identify 
and explain only extreme results is consequently diminished. The 
results can be considered in three stages; unweighted values, a class- 
ification excluding the consideration of dip of bedding, and both of 
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The spread of unweighted values is uniform between the upper and lower 
extremes but with a slight bias towards higher values. In terms of 
cliff stability, the rock classification has its most favourable values 
towards the west and therefore in the steeper part of the Purbeck 
Monocline. This reflects the trend in the Chalk and is important 
because preliminary discontinuity analysis suggests that the most 
unfavourable joint systems occur in the west. Despite this, these 
cliffs appear to be amongst the most stable from the results of this 
classification. it therefore appears that other rock mass parameters 
effectively counterbalance the increasingly unfavourable disposition 
of the discontinuities. By implementing this classificatioq some of 
the confusion arising from individual data sets is overcome. Although 
some of the rock classification values are the same, between-site values 
for individual variables are different. An example is the differences 
between Seacombe and Fossil Forest. Both have the same overall class- 
ification rating, but the former has a higher compressive strength and 
lower dip to bedding, while the latter has a higher modulus of elast- 
icity. This indicates that different exposures may have similar class- 
ification ratings but not necessarily due to similarities in individual 
parameters. 
Excluding the dip of bedding from the classification highlights that 
this parameter promotes higher rock classification values to the east 
with an increase in the individual ratings from Durdle Door to Tillywhim. 
However, the parameter maintains a relatively constant influence on the 
overall rock classification except where bedding is flat lying or 
particularly steep. It can be concluded, therefore, that this parameter 
alone, only significantly alters the overall classification at a number 
of points. In other instances, the cumulative change of the other 
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variables is of greater influence. By excluding this parameter, there 
are a number of changes in the relative rock classification values 
along the coast, although despite this, the order of the results remains 
the same. There is also a greater spread to results at lower, overall, 
rock classification values. It can generally be concluded, therefore, 
that this parameter is of greater importance to the overall classif- 
ication in Portland Limestone than it is in Chalk, and that this in 
turn is likely to be due to the greater dependence of structural 
stability on a number of specific joint sets, which can be conveniently 
represented by one of their number and the absence of a variety of 
other structural features which have only a local influence and which 
cannot be included in such a rock classification scheme. 
The application of weightings produces some significant changes. The 
spread of the results is greatly increased, particularly at the extremes 
of the classification but the order of the weighted and unweighted rock 
classifications remains the same, indicating that the changes in the 
individual parameters are sufficient to exert their control on the 
overall classification without weighting the values. However, at some 
sites, the relative importance of individual variables does change. 
For example, at Durdle Door compressive strength and Young's Modulus of 
Elasticity have unweighted values of 5 and 3 and weighted results of 
20 and 21. Finally, it must be noted that there are some instances 
where other influences, not accounted for by this technique, are likely 
to be important. Three examples can be cited. At Emmett's liill, large 
rotational failures skirt the foot of the Portland Limestone. These 
not only provide protection to the base of the cliff from marine 
erosion but will also act as a cliff-supporting buttress to the 
Portland Limestone. At other points, large blocks of Portland 
ýý 
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Limestone at the foot of the cliff will have a similar effect. 
Examples can be seen at Stair Hole and Worbarrow Tout. Secondly, in 
some places Portland Limestone forms only part of the cliff. Although 
it is suspected that this classification technique could be used to 
assess these influences it is less likely that the results would be 
suitable for accurate between-site comparisons. Finally, the class- 
ification unfortunately cannot account for the presence of anomolous 
features. The Arches at Stair Hole and Durdle Door are two examples. 
Neither the scrutiny of laboratory data, the values of individual 
classification parameters nor the rock classification value provide 
any indication of why these breaches have occurred and developed in 
this way. Further detailed stability analysis is required in these 
quarters. 
4.6.2 Classification of the Wealden Beds 
The Wealden Beds exhibit the characteristics of an engineering soil or 
mudrock. The material parameters important to a categorisation of this 
type of material are therefore different to those for the Portland 
Limestone and Chalk. Consequently a different rock classification 
scheme is necessary. Previous attempts to do this are numerous 
(Table 4.20) but they have not attempted a rock mass classification 
similar to that for hard rocks developed by Selby (1980). The 
applicability of all currently available mudrock classifications is 
severely restricted for a number of reasons. Current classifications 
provide an oversimplification of material characteristics, giving no 
more than a basic assessment of the rock properties. Examples of these 
are reviewed by Spears (1980); Potter et al., (1980) and Lundergrad & 
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specific reasons, in particular pedology and agriculture. The overall 
results of these schemes are not relevant to this study. Many class- 
ifications present no information regarding the material engineering 
characteristics, with important parameters such as texture and index 
properties being ignored. In other cases, the classifications are 
frequently limited to specific parts of the mudrock spectrum and are 
not suitable for classifying materials such as Weald clay. For example, 
Bjerrum (1967) designed a system applicable to shales with well 
developed diagenetic bonding. 
Beavis (1985) notes that no classification has yet been devised which 
takes into account the important engineering characteristics of mud- 
rocks. The system currently most commonly used by engineers (Unified 
Soil Classification ASTM D2487-66T) is only based on a few important 
parameters, includes some details irrelevant to an engineering class- 
ification and excludes others of importance. In the case of the 
classificiations developed for the Portland Limestone and Chalk, other 
systems were available for the identification of relevant parameters. 
However, for the Wealden, an overall consideration of material properties 
was necessary to identify those most relevant to this study and sub- 
sequently develop the rock classification. Three sets of properties 
can be identified. Index properties including moisture content 
expressed as a percentage of material dry weight, Atterberg Limits 
(in particular the Liquid and Plastic Limits), porosity and bulk 
density; hydrological characteristics of the material, in particular 
permeability and mechanical properties including material strength, 
compressibility and consolidation characteristics. Other parameters 
are used in current classifications but those listed above appear to 
be the most relevant to this study and are frequently cited in other 
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work (Cripps & Taylor, 1981). They are also particularly useful for 
comparing different outcrops of one material in a similar environment. 
It is necessary to briefly discuss the parameters chosen for this 
classification and the reasons for their inclusion. Compressive 
strength is regarded as the major mechanical property and of particular 
importance to material stability. It is also dependent on many other 
parameters and therefore its inclusion in the classification to some 
extent takes account of other variables. Liquid and Plastic Limits 
closely relate to material stability and the varying effect of soil 
water, both through space and time. For example, although the moisture 
content may be constant between two sites, the material at one may 
behave as a solid and at the other as a plastic substance. Atterberg 
Limits are also indicative of other parameters such as residual shear 
strength (Voight, 1973). Bulk Density is particularly pertinent since 
it influences on both mechanical and hydrological characteristics. 
For example, low bulk densities usually exhibit high moisture contents, 
low strengths and high permeability. Despite the availability of other 
parameters, the above were considered adequate for the development of 
a rock classification. Their cumulative appraisal counterbalances 
anomolous or extreme individual results and presents a more represent- 
ative overall view of the rock characteristics. The reasons for the 
exclusion of other parameters are similar to those discussed for the 
'hard' rock classification (see section 6.2.1) and are not repeated 
here. However there are some additional considerations. Mudrocks can 
be more easily classified by a few carefully chosen parameters than 
hard brittle rocks. Secondly, the parameters critical to a mudrock 
classification are likely to show less variability than the parameters 
critical to the classification of 'hard' rocks. This eliminates the 
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need for a large number of variables to accurately describe the 
material. Thirdly, the purpose of this classification is to provide 
a summary of the material characteristics, thus giving a greater level 
of explanation to the geomorphological map and providing a base for 
more detailed field investigations and the computer simulation of 
slope stability. The classification is therefore best kept as simple 
as possible, with no increase in the number of included variables 
above the minimum necessary to identify significant changes. The 
parameters were rated in a manner similar to the 'hard' rock classif- 
ication with a graded example, five classes and higher numbers rep- 
resenting an increasingly competent material. The class divisions 
for each parameter (Table 4.21) have been established specifically 
to identify significant site differences for this study. The results 
were not weighted for a number of reasons. Other 'hard' rock class- 
ification schemes frequently weight parameters, whereas current mudrock 
classification schemes do not. The classification developed and 
applied to the Portland Limestone and Chalk shows that if parameter 
classes are defined to determine significant differences over a small 
range of values, a weighting does not significantly alter the outcome 
of the classification and it has been shown (Attewell & Farmer, 1976; 
Selby, 1982) that the parameters included in a classification of hard 
rocks exert considerably different degrees of influence on the compet- 
ence of the overall rock mass. Consequently weighting is essential. 
With clays, shales and mudrbeks this variation in the significance of 
different parameters is not so marked and consequently the importance 
of suitable weightings is absent. 
A number of conclusions can be drawn from the results (Table 4.22). 
The wide spread of individual rock class parameters suggests that the 
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TABLE 4.22 
Classification of the Wealden Beds 
PARAMETER 
Bulk Liquid Plastic Residual Rock 
SITE NAME Density Limit Limit Strength Classification 
(gcm 3) (X) (X) (MNm Z) Value 
Durdle Door 5 3 2 5 15 
Stair Hole 1 3 1 2 7 
Mupe Bay 3 2 1 5 11 
Worbarrow Bay 3 4 2 2 11 
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overall classification provides an effective technique for assessing 
the relative importance of different variables between sites. When 
summed, the individual rock class parameters for each site present a 
spread of rock classification values between a possible minimum of 4 
and maximum of 20. This suggests that in its present form this tech- 
nique can suitably identify differences for Weald Clay in the Isle of 
Purbeck. The largest between-site parameter variations are seen in 
Bulk Density and Residual Strength values. Although Liquid Limit and 
Plastic Limit values do not show such extremities, they are nevertheless 
important and do have a significant effect on the overall results. 
This is seen if the rock classification values are re-evaluated 
excluding these two parameters. The rank order of the overall rock 
classification values and the rank order of many of the individual 
parameters do not follow a similar pattern. This emphasises the 
differences reached in drawing conclusions from specific variables 
against the joint consideration of groups of variables. For example, 
all Plastic Limit values are low, suggesting unfavourable overall 
conditions. On the other hand, there is a greater distribution to 
Liquid Limit values suggesting a larger spread of individual results 
and anincreased likelihood that these results will produce differences 
in the overall rock. classification value. Although some results occur 
in the highest and lowest classes, they are all well within the upper 
and lower limits of each group. The effects of such a rock classif- 
ication technique suppressing significantly high or significantly low 
overall results is, hopefully, therefore absent. 
There is a clear variation in the overall material competence between 
sites, reflected in maxima and minima rock classification values of 
15 and 7 for Durdle Door and Stair Hole respectively and a designation 
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of 11 for both Mupe and Worbarrow Bays. The highest value at Durdle 
Door is a reflection dominantly of differences in material strength 
and bulk density. This is not the case for the lowest result at Stair 
Hole, where the rock classification value seems to be the consequence 
of trend to all parameters, rather than the effects of one or two 
specific values. Although the rock classification values for Mupe and 
Worbarrow Bays are the same, the results of individual parameters differ. 
This highlights two points. First, although individual parameters 
might vary, their net effect can be the same and secondly, an evaluation 
of overall site characteristics from one parameter can be misleading 
and a combined approach using a variety of variables is more likely to 
produce a realistic comparison. The rock classification values tend 
to support the visual interpretation of the geomorphological mapping 
programme. This is reflected in both the type of feature present and 
its relative activity. For example, the highest classification value 
at Durdle Door is reflected by dry conditions throughout the year and 
limited mudsliding, while at Stair Hole ground conditions are much 
wetter, the movement activity much greater and more complex. Assuming 
that a class designation of 3 represents 'average' conditions in each 
instance, results show that individual parameters seldom display mean 
characteristics. The individual rock class designations are usually 
either higher or lower than this. Nevertheless, the overall results 
for Mupe and Worbarrow Bays are close to a site mean of 12 indicating 
that the overall net effect can be the same, providing a balance exists 
between particularly high and particularly low values for individual 
parameters. 
There are clear advantages to adopting a rock classification scheme. 
However, care clearly has to be taken in their application and their 
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use can only be considered successful if the following reservations 
are borne in mind. The techniques presented here are currently only 
suitable for comparing differences within specific materials although 
modification could permit the consideration of outcrops elsewhere. 
Consequently, in their present form, these two rock classifications have 
a limited scope, but further development and application of the class- 
ifications to other materials will increase their degree of applic- 
ability. To an extent, any classification provides an oversimplification 
of reality. In some cases this can be advantageous, more clearly 
identifying trends from a number of complex variables. However, to 
guard against oversimplification is essential so as not to present a 
false picture. Also any classification is only as representative as 
the parameters used to define it. Much care must be taken in ident- 
ifying those parameters to be included for the technique to bear 
fruitful results. The accuracy of the classification will depend, to 
a degree, on the representability of field samples. Since the materials 
are bound to-vary within sites, each individual result can only be 
considered a general assessment of overall conditions. However, careful 
sampling and the defining of specific values from a number of tests 
on different samples extracted from the same site can help to minimise 
this effect. 
The class divisions of each of the parameters can have a major infl- 
uence on the results. This effect can be minimised by developing 
divisions for specific rock types and ranges of results, having equal 
parameter divisions between maxima and minima values and where there 
are definable maxima and minima to the results of a parameter, such as 
Liquid and Plastic Limits, making these the lower and upper limits of 
the highest and lowest classes respectively. If weightings are 
-309- 
developed and used, care must be taken to ensure that these do not 
misrepresent the importance of a particular parameter, thus producing 
irrelevant results. The results of such a rock classification should 
therefore not be taken as a definitive tool for hypothesis testing but 
as a technique which provides a good overall indication of the char- 
acteristics of the material, as a basis for further work and as a 
means of linking geomorphological mapping, detailed site investigations 
and slope stability analysis. 
4.7 DISCUSSION AND CONCLUSIONS 
In accordance with the aims and stated methods of this study a large 
amount of geotechnical data has been presented to complement geological 
and geomorphological details. Bearing in mind the aims of this geo- 
technical investigation the following conclusions can be stated, indic- 
ating the importance of this programme to the overall study. 
Many authors (Beavis, 1985; Brunsden, 1985; Hansen, 1984) currently 
note that the available schemes for the classification of rock materials 
and masses are inadequate. There appears to be much scope for devel- 
opment in this field. Hansen (1984) for example, notes that although 
it is the geotechnical properties which reflect the characteristics 
of the moving mass which are most important, as yet there are no comp- 
rehensive classifications based on such properties. She goes on to 
say that if suitable data can be collected for mass movement types, 
important steps towards a more engineering-based classification may be 
achieved as opposed to the descriptive classifications which exist at 
present. The geotechnical analysis of important lithological units 
discussed in this chapter attempts to do this. The geotechnical 
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consideration of materials discussed here can be used collectively 
to quantify the important characteristics of the lithologies with 
respect to the established geological divisions. The results alone 
are not suitable for making a definitive statement on the stability 
of the coastal cliffs but nevertheless can be used to give some indic- 
ation of the changing characteristics. Weaker materials are likely 
to produce less stable slopes for example. Major changes in the 
approach to the study of cliff stability in recent years have become 
increasingly apparent. Three aspects now appear to exist: establishing 
geomorphological characteristics and distributions of features by 
mapping, identifying the geological characteristics of the materials 
and conducting an engineering geology investigation of materials 
properties and the stability of the slopes. This geotechnical consid- 
eration of material properties complements these approaches and ideally 
marries them together. Also, those parameters included in the geotech- 
nical analysis are relevant to the triggering mechanism of landslides 
and will therefore provide useful supplementary information for the 
field instrumentation programme. 
As part of this study and in view of the geomorphological mapping, 
a statement is required on the present stability of the coastline. 
This study of material geotechnical properties provides a base for 
this, both for choosing the appropriate stability model and in prov- 
iding the data required for their application (discussed in chapter 
VI). Henkel (1971. ) notes that it is frequently difficult to relate 
laboratory tests to field problems. By approaching this via a joint 
consideration of the geological, geomorphological and geotechnical 
characteristics of the materials this difficulty can be surmounted 
and links established between geomorphological form, physical parameters 
and theoretical analysis. 
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In conclusion it is necessary to recognise that this geotechnical 
investigation has included a variety of parameters, due to the 
widely differing properties of the materials under investigation. 
It may be argued that in some instances the number of samples tested 
to establish the values of critical parameters are small. A number 
of reasons explain this however. There was some restriction on the 
number of samples which could be reasonably taken at each site, 
partly due to the consequent disruption of the mass movement phenomena 
being studied and partly due to the required maintenance of the scenic 
qualities of a landscape heavily populated by visitors. Temporal 
logistic constraints existed due to the availability of equipment and 
due to the other work to be conducted as part of this study. The 
purpose of this classification suggests that a broad consideration of 
a large number of material parameters is more important than a detailed 
and in-depth analysis of a limited number of parameters. 
This accumulation of data can now be used as a basis for field 
instrumentation and the detailed monitoring of mass movements. . 
